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Intelligent Design 


Starts with Intelligent Analog PIC® Microcontrollers 


INTELLIGENT 
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Analog design is difficult and consumes precious development time. 
Microchip’s intelligent PIC® MCUs integrate analog functions such 

as high performance Analog-to-Digital Converters, Digital-to-Analog 
Converters and Op Amps providing simple-to-use interfaces that ease 
analog design. A single-chip solution enables reduced system noise 
and provides higher throughput, while dramatically reducing design 
time and cost. 


Applications 
Environmental quality sensors Lighting 
Portable medical equipment Power measurement 
Industrial equipment and monitoring 
Power conversion Energy harvesting equipment 
Efficient motor control Solar inverters 
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Projects and Circuits 


SiDRADIO: AN INTEGRATED SDR USING A DVB-T 

DONGLE - PART 1 

by Jim Rowe 

Build this exciting low-cost communications receiver with coverage from 
100kHz to over 2GHz 


HI-Fl STEREO HEADPHONE AMPLIFIER - PART 1 
by Nicholas Vinen 
The best possible Hi-Fi sound with this headphone amplifier 


“TINY TIM” HORN-LOADED SPEAKER SYSTEM 
by Allan Linton-Smith and Ross Tester 
Low-cost speaker system with excellent bass and treble response 


TECHNO TALK by Mark Nelson 

Power politics 

MAKE YOUR OWN PCBs - PART 2 by Mike Hibbett 
Installing the software and designing boards 

NET WORK by Alan Winstanley 

The connected home... Making a Nest... Protect your Nest 
Watch your Nest... Forging alliances 

INTERFACE by Robert Penfold 

Counting, timing and frequency 

AUDIO OUT by Jake Rothman 

Eradicating wet electrolytic capacitors from audio circuits — Part 3 
CIRCUIT SURGERY by lan Bell 

Voltage regulation 

PIC N’ MIX by Mike Hibbett 

Driving an SPI bus colour display 


MAX’S COOL BEANS by Max The Magnificent 
Current projects... Boxed up... More is more! 


Regulars and Services 


EPE BACK ISSUES - Did you miss these? 
EPE BACK ISSUES CD-ROM 
EDITORIAL 

EPE online... Teach-In 2015 


NEWS - Barry Fox highlights technology’s leading edge 
Plus everyday news from the world of electronics 


MICROCHIP READER OFFER 

EPE Exclusive — Win a Microchip MGC3130 Hillstar 3D Gesture 
Development Kit 

SUBSCRIBE TO EPE and save money 

TEACH-IN 5 


CD-ROMS FOR ELECTRONICS 
A wide range of CD-ROMs for hobbyists, students and engineers 


DIRECT BOOK SERVICE 
A wide range of technical books available by mail order, plus more CD-ROMs 


EPE PCB SERVICE 
PCBs for EPE projects 


ADVERTISERS INDEX 
NEXT MONTH! - Highlights of next month’s EPE 
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Tel: 01279 467799 


QUASAR 


electronics 


Solutions for Home, Education & Industry Since 1993 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £9.95 
18Vdc Power supply (661.121) £25.95 
Leads: Parallel (_DC136) £3.95 / Serial 
(LDC 441) £3.95 / USB (LDC644) £2.95 


USB & Serial Port PIC Programmer 

; USB or Serial connection. 
Header cable for ICSP. 
Free Windows software. 
See website for PICs sup- 
* ported. ZIF Socket & USB 
™lead extra. 16-18Vdc. 
Kit Order Code: 3149EKT - £49.95 
Assembled Order Code: AS3149E - £64.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.95 


USB PIC Programmer and Tutor Board 
This tutorial project 
board is all you need 
to take your first steps 
into Microchip PIC 
programming using a 
PIC16F882 (included). Later you can use it 
for more advanced programming. It programs 
all the devices a Microchip PICKIT2° can! 
You can use the free Microchip tools for the 
PICKit2™ and the MPLAB® IDE environment. 
Order Code: EDU10 - £55.96 


ATMEL 89xxxx Programmer 
Uses serial port and any 
standard terminal comms #7 
program. 4 LED’s display 
the status. ZIF sockets 
not included. 16Vdc. 

Kit Order Code: 3123KT - £28.95 
Assembled Order Code: AS3123 - £39.95 


Introduction to PIC Programming 
Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual + Program- 
ming Hardware (with LED 
test section) + Windows Software (Program, 
Read, Verify & Erase) + a rewritable 
PIC16F84A. 4 detailed examples provided for 
you to learn from. PC parallel port. 12Vdc. 

Kit Order Code: 3081KT - £16.95 

Assembled Order Code: AS3081 - £24.95 


PIC Programmer 
Board 

Low cost PIC program- 
mer board supporting 
a wide range of Micro- 
chip® PIC” microcon- 
trollers. Serial port. Free Windows software. 
Kit Order Code: K8076 - £29.94 


Quasar Electronics Limited 
PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 


Fax: 01279 267799 
E-mail: sales@quasarelectronics.co.uk 


Web: www.quasarelectronics.co.uk 


01279 


(Up to 0.5Kg gross weight): UK Standard 3-7 Day 
Delivery - £3.95; UK Mainland Next Day Delivery - £8.95; Europe (EU) - 
£12.95; Rest of World - £14.95 (up to 0.5Kg). 


We accept all major credit/debit cards. Make PO’s payable to 


Quasar Electronics Limited. 


Card 
Sales Line 


PIC Programmer & Experimenter Board 
PIC Programmer & Experi- 2 

menter Board with test 
buttons and LED indicators 
to carry out educational 
experiments such as the oS 
supplied programming examples. Includes a 
16F627 Flash Microcontroller that can be 
reprogrammed up to 1000 times. Software to 
compile and program your source code is 
included. Supply: 12-15Vdc. 

Kit Order Code: K8048 - £23.94 

Assembled Order Code: VM111 - £39.12 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code 660.446UK £11.52 


USB Experiment 


Ld eld 
Interface Board 
5 digital input chan- 
nels and 8 digital out- 
put channels plus two 


analogue inputs and 

two analogue outputs with 8 bit resolution. 
Kit Order Code: K8055N - £25.19 
Assembled Order Code: VM110N - £40.20 


2-Channel High Current UHF RC Set 
State-of-the-art high securi- 
ty. 2 channel. Momentary or 
latching relay output rated to 
switch up to 240Vac @ 10 
Amps. Range up to 40m. Up 
to 15 Tx’s can be learnt by ~ 
one Rx (kit includes one Tx 
but more available separately). 3 indicator 
LEDs. Rx: PCB 88x60mm, supply 9-15Vdc. 
Kit Order Code: 8157KT - £49.95 
Assembled Order Code: AS8157 - £54.95 


Computer Temperature Data Logger 
Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
200m+ from board. Wide 
range ot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 

Kit Order Code: 3145KT - £19.95 
Assembled Order Code: AS3145 - £26.95 
Additional DS1820 Sensors - £4.95 each 


Remote Control Via GSM Mo- 
bile Phone 

Place next to a mobile phone (not 
included). Allows toggle or auto- / 
timer control of 3A mains rated 
output relay from any location 


Please visit our online shop now for full details of over 1000 electronic kits, 
projects, modules and publications. Discounts for bulk quantities. 


VISA 
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4-Ch DTMF Telephone Relay Switcher 
Call your phone num- 
ber using a DTMF 
phone from anywhere 
in the world and re- 
motely turn on/off any 
of the 4 relays as de- e 

sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £79.95 

Assembled Order Code: AS3140 - £94.95 


8-Ch Serial Port Isolated I/O Relay Module 
Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital 
inputs (for monitoring 
switch states, etc). Useful 

in a variety of control and e 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 

Assembled Order Code: AS3108 - £89.95 


Infrared RC 12—Channel Relay Board 
Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £64.95 
Assembled Order Code: AS3142 - £74.95 


Audio DTMF Decoder and Display 


Detect DTMF tones from 
tape recorders, receivers, 
two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char- 
acters are displayed ona 
16 character display as they are received and 
up to 32 numbers can be displayed by scroll- 
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU375). Main PCB: 55x95mm. 

Kit Order Code: 3153KT - £37.95 

Assembled Order Code: AS3153 - £49.95 


3x5Amp RGB LED Controller with RS232 
3 independent high power 
channels. Preprogrammed 
or user-editable light se- 
quences. Standalone op- 
tion and 2-wire serial inter- 
face for microcontroller or 
PC communication with simple command set. 
Suitable for common anode RGB LED strips, 
LEDs and incandescent bulbs. 56 x 39 x 
20mm. 12A total max. Supply: 12Vdc. 

Kit Order Code: 8191KT - £29.95 

Assembled Order Code: AS8191 - £39.95 


Hot New Products! 


Here are a few of the most recent products 
added to our range. See website or join our 
email Newsletter for all the latest news. 


4-Channel Serial Port Temperature 
Monitor & Controller Relay Board 

4 channel computer : 

serial port tempera- 

ture monitor and 

relay controller. 

Four inputs for 

Dallas DS18$20 or 

DS18B20 digital 

thermometer sensors (£3.95 each). Four 
5A rated relay outputs are independent of 
sensor channels allowing flexibility to setup 
the linkage in any way you choose. Simple 
text string commands for reading tempera- 
ture and relay control via RS232 using a 
comms program like Windows HyperTermi- 
nal or our free Windows application. 

Kit Order Code: 3190KT - £84.95 
Assembled Order Code: AS3190 - £99.95 


40: Second Message Recorder 
Feature packed non- 7 

volatile 40 second mul- 

ti-message sound re- 

corder module using a 

high quality Winbond 

sound recorder IC. 

Standalone operation using just six 
onboard buttons or use onboard SPI inter- 
face. Record using built-in microphone or 
external line in. 8-24Vdc powered. Change 
a resistor for different recording dura- 
tion/sound quality. Sampling frequency 4- 
12 kHz. (120 second version also available) 
Kit Order Code: 3188KT - £29.95 
Assembled Order Code: AS3188 - £37.95 


Bipolar Stepper Motor Chopper Driver 
Get better performance from your stepper 
motors with this dual full 

bridge motor driver based 

on SGS Thompson chips 

L297 & L298. Motor cur- 

rent for each phase set 

using on-board potentiom- 

eter. Rated to handle 

motor winding currents up to 2 Amps per 
phase. Operates on 9-36Vdc supply volt- 
age. Provides all basic motor controls in- 
cluding full or half stepping of bipolar step- 
pers and direction control. Allows multiple 
driver synchronisation. Perfect for desktop 
CNC applications. 

Kit Order Code: 3187KT - £39.95 
Assembled Order Code: AS3187 - £49.95 


Video Signal Cleaner 

Digitally cleans the video 

signal and removes un- 

wanted distortion in video 

signal. In addition it stabi- 

lises picture quality and 

luminance fluctuations. 

You will also benefit from 

improved picture quality on LCD monitors 
or projectors. 

Kit Order Code: K8036 - £24.70 
Assembled Order Code: VM106 - £36.53 


Motor Speed Controllers 


Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 


stepper motors and servo motors. See 
website for full details. 


Control the speed of 

almost any common DC 
motor rated up to ; 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque 
at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067KT - £19.95 
Assembled Order Code: AS3067 - £27.95 


tional DC Mot 
Control the ape of 
most common DC 
motors (rated up to 
32Vdc/10A) in both the 
forward and reverse 
direction. The range of 
control is from fully OFF to fully ON in both 
directions. The direction and speed are con- 
trolled using a single potentiometer. Screw 
terminal block for connections. 

Kit Order Code: 3166v2KT - £23.95 
Assembled Order Code: AS3166v2 - £33.95 


a1 DI e 
Drives any 5-35Vdc 5, 6 
or 8-lead unipolar stepper 
motor rated up to 6 Amps. 
Provides speed and direc- 
tion control. Operates in stand-alone or PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 
Kit Order Code: 3179KT - £17.95 
Assembled Order Code: AS3179 - £24.95 


tor VI > 
Drive any 5-50Vdc,5 Amp 3] 
bi-polar stepper motor using & @ } 
externally supplied 5V lev- 7 
els for STEP and DIREC- 
TION control. Opto-isolated " 
inputs make it ideal for CNC applications 
using a PC running suitable software. Board 
supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £24.95 
Assembled Order Code: AS3158 - £34.95 


Reliable and simple to 
install project that allows 
you to adjust the speed of 
an electric drill or 230V AC 
single phase induction 
motor rated up to 600 
Watts. Simply turn the potentiometer to adjust 
the motors RPM. PCB: 48x65mm. Not suita- 
ble for use with brushless AC motors. 

Kit Order Code: 1074KT - £15.95 

Assembled Order Code: AS1074 - £23.95 
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QUASAR 


The Electronic Kit Specialists Since 1993 


Electronic Project Labs 


Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


130-in-1 Electronic Pre je Ct Lab 
Get started on the 
road to a great 
hobby or career in 
electronics. Con- 
tains all the parts 
and instructions to 
assemble 130 educational and fun experi- 
ments and circuits. Build a radio, AM broad- 
cast station, electronic organ, kitchen timer, 
logic circuits and more. Built-in speaker, 7- 
segment LED display, two integrated circuits 
and rotary controls. Manual has individual 
circuit explanations, schematic and connec- 
tion diagrams. Requires 6 x AA batteries (not 
included). Suitable for age 14+. 
Order Code EPL500 - £49.95 


Tools & Test Equipment 


We stock an extensive range of soldering 
tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Features 2 input chan- 
nels - high contrast LCD 
with white backlight - full 
auto set-up for volt/div 
and time/div - recorder 
roll mode, up to 170h per 
screen - trigger mode: 

run - normal - once - roll ... 
ger level and slope and much more 
Order Code: APS230 - £374,95-£2 


- adjustable trig- 


Handheld Personal Scope wit 
Designed by siecironies enthusiasts for elec- 
tronics enthusiasts! Powerful, 

compact and USB connectivity, 

this sums up the features of this = J 
oscilloscope of 


40 MHz sampling rate, 12 MHz 

analog bandwith, 0.1 mV sensitivity, 5mV to 
20V/div in 12 steps, 50ns to 1 hour/div time 
base in 34 steps, ultra fast full auto set up 
option, adjustable trigger level, X and Y na 
tion signal shift, DVM readout and more.. 
OMer Code: HPS50 - £289.96-£ 
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PROJECTS ® Driveway Sentry ® Milliohm Meter 
Adaptor For DMMs ® Build A Vox ® Superb Four- 
Channel Amplifier — On The Cheap 

FEATURES ® Techno Talk © Circuit Surgery ® 
Interface ® Max’s Cool Beans ® Net Work © Computer 
Error: Reliable Digital Processing — Part 1 


PROJECTS ® Digital Sound Effects Module ° USB 
Stereo Recording & Playback Interface ®° Vacuum 
Pump From Junk ® Minireg 1.3-22V Adjustable 
Regulator ® Ingenuity Unlimited 

FEATURES ® Techno Talk ® Circuit Surgery ° 
Practically Speaking ® Max’s Cool Beans ® Net Work 
© Computer Error: Reliable Digital Processing — Part 2 


PROJECTS ® LED Musicolour — Part 1 ® High- 
Temperature Thermometer/Thermostat ® Ingenuity 
Unlimited 

FEATURES ® Teach-In 2014 — Part 1 ® Techno Talk ® 
Circuit Surgery ® Interface ® Max’s Cool Beans ® Net 
Work ® Computer Error: Reliable Digital Processing 
—Part3 


PROJECTS ® CLASSiC-D Amplifier — Part 1° LED 
Musicolour — Part 2 © Mains Timer For Fans Or 
Lights ® Ingenuity Unlimited 

FEATURES ® Teach-In 2014 — Part 2 © Techno Talk 
® Circuit Surgery ® Practically Speaking ® Max's Cool 
Beans ® Net Work 


PROJECTS ® Six Test Instruments In One Tiny 
Box ® Virtins Technology Multi-Instrument 3.2 ° 
CLASSiC-D Amplifier — Part 2 © 

FEATURES ® Teach-In 2014 — Part 3 ® Techno Talk 
® Circuit Surgery ® Interface ® Max’s Cool Beans ® 


PROJECTS © 2.5GHz 12-Digit Frequency 
Counter With Add-on GPS Accuracy — Part 1 ® 
The Champion Amplifier ° Simple 1.5A Switching 
Regulator © 

FEATURES ® Teach-In 2014 — Part 4 © Techno Talk 
® Circuit Surgery ® Practically Speaking ® Max’s Cool 
Beans ® Net Work ® PIC N’ Mix ® Net Work 


PROJECTS ® High-energy Electronic Ignition 
System — Part 1 ® Mobile Phone Loud Ringer! ® 
2.5GHz 12-Digit Frequency Counter With Add-on 
GPS Accuracy — Part 2 

FEATURES ® Teach-In 2014 — Part 5 ® Techno Talk © 
Circuit Surgery ® Interface ® Max's Cool Beans ® Net 
Work ® PIC N’ Mix ® Net Work 
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PROJECTS ©® Infrasound Detector ® Extremely 
Accurate GPS 1pps Timebase For A Frequency 
Counter ® High-energy Electronic Ignition System — 
Part 2 ® Automatic Points Controller For Your Model 
Railway Layout 

FEATURES ®° Teach-In 2014 — Part 6 © Techno Talk 
® Circuit Surgery ® Practically Speaking ® Max’s Cool 
Beans ® Net Work ® PIC N’ Mix ® Net Work 


APR °14 


PROJECTS ® Jacobs Ladder ® Deluxe GPS 1pps 
Timebase For Frequency Counters ® Capacitor 
Discharge Unit For Twin-Coil Points Motors 
FEATURES ® Teach-In 2014 — Part 7 © Techno 
Talk © Circuit Surgery ® Interface ® Max’s Cool 
Beans ® Net Work ® PIC N’ Mix ® Net Work ® Beta- 
Layout’s Re-Flow Oven Kit And Controller review 


MAY ’14 

PROJECTS °® Rugged Battery Charger ° 
CLASSiC-D +35V DC-DC Converter ® Digital 
Multimeter Auto Power-Down ® Control Relays Over 
The Internet With Arduino 

FEATURES ® Teach-In 2014 — Part 8 ® Techno Talk 
* Circuit Surgery ® Practically Speaking ® Max’s 
Cool Beans ® Net Work ® PIC N’ Mix © Net Work ® 


PROJECTS ® Cranial Electrical Stimulation Unit 
© Mini Audio Mixer ® Adding Voltage And Current 


Meters To The Bits ’N’ Pieces Battery Charger ® 
FEATURES ® Teach-In 2014 — Part 9 ® Techno Talk 
* Circuit Surgery ® Interface ® Max’s Cool Beans ® 
PIC N’ Mix ® Net Work ® 


JULY 14 


PROJECTS ©® Versatile 10-Channel Remote 
Control Receiver ® Li'l Pulser Model Train 
Controller © Two Demonstration Circuits For 
Human Colour Vision ® 

FEATURES ® Teach-In 2014 — Part 10 ® Techno 
Talk ® Circuit Surgery ® Practically Speaking ® Max’s 
Cool Beans ® PIC N’ Mix ® Net Work ® Audio Out ® 


PROJECTS ® Active RF Detector Probe For 
DMMs ® Add A UHF Link To A Universal Remote 
Control ® PCBirdies * USB Port Voltage Checker 
© jPod Charger Adaptor ® 

FEATURES ® Techno Talk ® Circuit Surgery © 
Interface © Max’s Cool Beans ® PIC N’ Mix ® Net 
Work ® Audio Out ® 


PROJECTS ® Build An AM Radio ® LED Ladybird 
® Lifesaver For Lithium or SLA Batteries ® ‘Do Not 
Disturb!’ Phone Timer ® 

FEATURES ® Make Your Own PCBs — Part 1 ® 
Techno Talk ® Practically Speaking ® Circuit Surgery 
© PIC N’ Mix ® Net Work ® Audio Out ® Max’s Cool 
Beans ® 
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EPE Online website. Note: no free gifts are 
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I wanted to take this opportunity to remind our readers about EPE’s 
website at www.epemag.com, which offers information about current 
and previous issues of EPE, as well as being a gateway to our other 
services. On the ‘Projects’ pages the cover shots of EPE are displayed 
and you can visit the monthly web pages with links to source code and 
more details. The website is also the place to view any updates or errata 
for specific projects, and we go to great lengths to archive information 
with the interests of future readers in mind. Net Work columnist Alan 
Winstanley is our webmaster, and he has managed to upload legacy 
magazine details in the ‘Library’ that date all the way back to 1998. This 
is a vast and valuable resource, and I urge all readers to make the most 
of it. 


Supporting readers 

We receive a large number of enquiries from overseas or queries 

about magazine availability, source code or PCB artwork. Due to the 
continuous evolution of EPE over the years, providing a consistent 
online resource has not been easy, but many regular questions are now 
addressed in the Help page available via our Library. As always, there 
is never a query that a quick email to us will not resolve, but do have a 
look around the EPE website — you might be surprised by the amount of 
information that is just a click away. 


Chat among yourselves! 

I couldn’t discuss EPE and the Internet without mentioning Chat Zone, 
our online forum for all things EPE and electronics related. Just click 
over to www.chatzones.co.uk and sign up to enter a world of free help 
and friendly kindred spirits. We have fora dedicated to Raspberry Pi, 
old projects, Teach-In and just about anything else of relevance to EPE 
readers. 


Teach-In 2015 

Father-and-son team Mike and Richard Tooley scored a hit this year with 
their popular Teach-In series on Raspberry Pi, and following on from that 
I have three good pieces of news. First, they are currently writing a further 
article on the latest version of Pi — the ‘B+’ upgrade. Second, the whole 
series is to be published in one handy publication — the perfect present 
for you or an electronics friend. Last, but not least, we have just agreed 

to start the next Teach-In series in early 2015. I won’t tell you what it’s 
about, I need to be ‘discrete’ and not spoil the fun. That’s enough of a hint 
—I’m sure you will enjoy it! 
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A roundup of the latest Everyday 


oC 


News from the world of 
electronics 


Broadband without landlines - report by Barry Fox 


K chipmaker CSR is hoping to 

steal a march on the ZigBee radio 
control system with a new approach 
based on Bluetooth Smart. CSR 
Mesh works as a mesh radio network 
— just like ZigBee — but without the 
need for an additional network hub, 
or router. This is possible, CSR says, 
because all modern smartphones 
and tablets come with Bluetooth 
Smart capability ‘out of the box’. 


Smartphone control 

CSR Mesh lets one smartphone con- 
trol a virtually unlimited number of 
devices, such as lights, heating or 
security, with plug and play set-up. 
CSR is now pledging to donate its 
Smart Mesh technology to SIG (the 
Bluetooth Special Interest Group) on 
a no-royalty basis. 

Speaking at ‘The Future is Smart’ 
exhibition recently staged in Lon- 
don by SIG, Rick Walker, senior 
product marketing manager for CSR 
in Cambridge, UK, demonstrated a 
prototype LED home lighting system 
similar to Philips Hue, but using 
Mesh instead of ZigBee. 

He told us: ‘CSR Mesh is disruptive. 
It puts the smartphone at the centre of 
the Internet of Things. We developed 
a software protocol that runs over 
the Smart standard to create a mesh 
network at the standard Bluetooth 
frequency of 2.4GHz, controlled by 
standard Bluetooth hardware. 

‘But we know that now we have 
shown what can be done there are 
some big nasty competitors out there 
that will want to develop their own 
systems and fragment the market. 
We want to avoid a situation like the 
zillion different standards for Wi-Fi, 
so we will donate our technology to 
SIG and let SIG give free licences. 

‘We first announced the sys- 
tem in February and will publish 
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technical details and examples of 
use on our website. Then, early 
next year, we will offer everything, 
except the source code, to SIG to li- 
cence without royalties. But we will 
be giving away the source code for 
Android and Apple iOS apps. 

‘The way we will earn revenue is 
purely through the silicon we sell. 
The Mesh chips will cost around $1 
or modules for Mesh devices $5’ 


CSR 


Push every boundary: 


se 
CSR yEnergy® Development Kit 


CSR Development Kit — designed to acceler- 
ate Internet of Things product development 


No hub or bridge 
ZigBee uses a hub or bridge to con- 
vert Bluetooth or Wi-Fi control sig- 
nals from a smartphone into ZigBee 
signals that control ZigBee-enabled 
devices such as lights. With Blue- 
tooth Smart Mesh, an app on the 
smartphone intelligently configures 
a Bluetooth mesh so that Bluetooth 
signals from one Bluetooth-enabled 
device are sent on to other enabled 
devices. The app can address each 
device individually, or in groups, for 
instance — as demonstrated at the SIG 
event — to switch lamps on and off or 
dim them or change their colour. 
128-bit AES encryption securely 
prevents access to the mesh until 
the user has given authorisation, for 
instance by scanning a QR code on 
the device with the smartphone. 


Bluetooth Smart standard 
with low power use 

The Bluetooth Smart standard uses 
the same frequencies and powers 
as conventional Class 2 Bluetooth, 
but adopts a modified data-handling 
scheme to save power. For instance, 
a Bluetooth Smart device intermit- 
tently transmits bursts of control 
information, instead of constantly 
streaming at high rates. This, along 
with the use of very low power pro- 
cessors, can extend Smart range 
from the normal Bluetooth distance 
of under 10m to around 25m, and 
lets wearable devices run for up to a 
year on a single coin cell. 

CSR is now offering hardware and 
software Mesh development kits for 
$299, see: Www.csr.com/contact/ 
sales-representatives. 

‘We are already working with all 
the big names that are currently us- 
ing ZigBee’ said Rick Walker. ‘Are 
we talking to Philips about using it 
for Hue? Absolutely.’ 

I asked Philips about using CSR 
Mesh for Hue and got back an an- 
swer, which clearly indicated that 
whoever wrote it did not understand 
how CSR Mesh works. 

‘Hue enables control from any- 
where in the house and “out-of- 
home”, and not a_ short-ranged 
room-based technology... we can 
expand with a full range of switches 
(eg, tap) and sensors to control lights 
in new and innovative ways instead 
of one device (smartphone)... (Us- 
ing) ZigBee LightLink means that 
interoperability between devices 
from different brands is possible. 
Bluetooth is only about connectivity 
and does not enable interoperability 
on complete products.’ 

Poorly informed comments like 
this do a company like Philips no 
favours at all. 
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Minty Geek launches minty fresh new website 


Peo for a _ back-to-school 
present for a budding electronic 
engineer? Minty Geek, a Somerset- 
based provider of electronics kits for 
education and learning, has launched 
a new website at www.mintygeek. 
com where customers can access 
the company’s range of projects 
and interact with others via free 
membership of the Minty Geek club. 
The website provides access to all the 
latest products and information with 
a shop for kits and components — as 
well as downloads for instruction 
manuals and software packages. 
Minty Geek is the brainchild of 
Mark Brickley, whose inspiration 
came from the frustration of trying 
to find a suitable torch for another 
hobby — astronomy — and ended up 


making one for himself. Thus was 
born the prototype for ‘Torch in a 
tin’ with all the components needed 
supplied in a mint tin. Since then 
the company has introduced other 
electronics learning projects with 
varying levels of complexity to help 
budding enthusiasts get to grips 
with the basics of electronics. 


Microchip - CSR Bluetooth partnership 


icrochip, a leading provider of 
microcontroller, mixed-signal, 
analogue and Flash-IP solutions has 
developed the BLE RN4020 module, 
an easy-to-use and complete turnkey 
solution, which takes CSR’s proven 
and highly flexible Bluetooth Smart 
ICs to a wide range of customers. 
The module gives developers access 
to CSR’s market-leading Bluetooth 
Smart technology and is supported 
by Microchip’s MPLAB X Integrated 
Development Environment, which 
provides developers with access to 
a large library of example Bluetooth 
Smart development code. This eases 
and accelerates prototype production 
and enables developers to get their 
products to market quicker. 
Microchip chose CSR as a Blue- 
tooth Smart chip supplier due to 
CSR’s strong reputation for Bluetooth 
technology and because the two com- 
panies share an established history of 
supporting customers through to the 
end of a product’s lifecycle. 
CSR1012 provides a smaller form 
factor package ensuring that the 
module has minimal impact on size- 
constrained designs, measuring just 
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The RN4020 PICtail is a development tool 
for prototyping new designs using the Micro- 
chip RN4020 Bluetooth Module. The PICtail 
has an onboard PIC18 to provide USB se- 
rial communications, allowing it to connect 
directly to a PC for simple demonstrations 
using RN4020 scripting capabilities 


11.5 x 19.5 x 2.5mm. The RN4020 
module has a built-in PCB antenna 
with 7dBm transmit power and a 
receive sensitivity of —92.5dBm, en- 
abling operation over 100 metres. 


Brother launches electrical label printer 


pie company Brother has 
launched a new label printer 
for electricians or hobbyists with 
extra complicated wiring. The PT- 
E550WVP produces durable labels 
up to 24mm wide that are resistant 
to water, abrasion and extreme 
temperatures. This helps ensure that 
wires and other equipment, including 
fuse boxes, sockets, and health and 
safety signage, is correctly labelled, 


easily identifiable, and keeps with 
the identification requirements of the 
wiring regulations. 

The label printer features wireless 
connectivity, meaning that informa- 
tion, such as symbols, logos and da- 
tabases, can be instantly transferred 
from mobile devices or PCs and 
stored on the machine. This can then 
be used to produce labels quickly 
and easily. 
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Scientists develo 
Spray-on solar cells 


xperts from Sheffield University’s 

Department of Physics and 
Astronomy and Department of 
Chemical and Biological Engineering 
have developed a technique for 
spray-painting solar cells using 
‘perovskite’, a very promising new 
material for solar cells. 

The spray-painting process wastes 
very little of the perovskite material 
and can be scaled to high volume 
manufacturing — similar to applying 
paint to cars and graphic printing. 

Lead researcher Professor David 
Lidzey said: ‘There is a lot of excite- 
ment around perovskite-based pho- 
tovoltaics. 

‘Remarkably, this class of material 
offers the potential to combine the 
high performance of mature solar 
cell technologies with the low em- 
bedded energy costs of production 
of organic photovoltaics.’ 

While most solar cells are manu- 
factured using energy intensive ma- 
terials like silicon, perovskites, by 
comparison, requires much less en- 
ergy to make. By spray-painting the 
perovskite layer in air the team hopes 
the overall energy used to make a so- 
lar cell can be reduced further. 

Professor Lidzey said: ‘The best 
certified efficiencies from organic 
solar cells are around 10 per cent. 

‘Perovskite cells now have efficien- 
cies of up to 19 per cent. This is not 
so far behind that of silicon at 25 per 
cent — the material that dominates 
the world-wide solar market.’ 


ERRATA - Timer for Fans and 
Lights project (November 2013) 
Constructors of this project should 
not wire up the unit as shown in 
Fig.1(c) on page 31, with a load from 
the ‘Lsw’ terminal to neutral. This 
will destroy the unit. If you need to 
wire up a fan and light, connect them 
in parallel between the ‘Lload’ ter- 
minal and neutral. Please go to Chat 
Zone for a discussion of this project: 
www.chatzone.co.uk 


The machine in- 
cludes a half-cut 
feature, ensur- 
ing tape  wast- 
age is minimal, 
as well as a large 
backlit LCD dis- 
play, which is 
perfect for use in 
dark places, and 
a QWERTY key- 
board for easy 
data entry. 
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Part 1: By JIM ROWE 


Below: nearly all the parts for the 
SiDRADIO are mounted on a single 
large PCB. The DVB-T dongle plugs 
directly into an internal USB port and 
is housed together with the PCB in a 
low-profile instrument case. 
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LF-HF POWER 


Constructional 


LF/MF/HF VHF/UHF 
ANTENNA ANTENNA 


Y Ne 


STANDARD AB 
USB CABLE 
(SHORT) 


LAPTOP (OR DESKTOP) PC 


ARN GIES RUNNING SDR# OR 
DVB-T DONGLE) ; EEE SIMILAR SDR APPLICATION 
. — = 


Fig.1: the SIDRADIO has inputs for LF/MF/HF and VHF/UHF antennas, and is 
connected to a PC running SDR# (or similar) via a standard USB cable. 


SIGNAL 
SWITCHING 


Fig.2: block diagram of the SiDRADIO. It includes a 5-band tuned RF preselector and amplifier, 
an up-converter and the DVB-T dongle all in one box. The up-converter shifts LF-HF signals up 
by 125MHz so that they can be tuned by the DVB-T dongle. 


SiDRADIO is a low-cost communications receiver 
with coverage from 100kHz to over 2GHz. It is self- 
contained, housing a USB DVB-T dongle plus all the 
circuitry for an up-converter and RF preselector, and is 
powered from your PC via the USB cable. 


F YOU ARE JUST dipping your toe 
into the world of radio communica- 
tions, you won’t want to spend much 
money. However, a fully-fledged com- 
munications radio is an expensive 
acquisition. 

Fortunately, software-defined radios 
have radically changed the whole com- 
munications scene. This has been fur- 
ther shaken up by the fact that cheap 
and readily available USB DVB-T 
dongles, normally used for watching 
digital TV on a personal computer, can 
now be configured as communications 
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DVB-T DONGLE | 


INSIDE THE BOX 


cON2 + 


USB SIGNAL 
LEADS 


radios with a wide range of reception 
modes: FM, AM, SSB, CW etc. Not only 
that, but the SDR# software provides 
fancy features such as spectrum ana- 
lyser and waterfall displays on your 
PC’s screen. 

We have seen designs for a cheap 
and cheerful approach to a software- 
designed radio (SDR) and a matching 
up-converter to enable a DVB-T dongle 
to receive frequencies below about 
52MHz. 

We felt we could do bettter, with 
extra features such as band-switching 


11 


Constructional 


LI: 48T 0.3mm ECW WOUND ON BOBBIN OF FERRITE POT CORE (LF-1060); 


TAPS AT 17T & 4T 


L2: 14T 0.3mm ECW WOUND ON AN 18mm OD x 6mm FERRITE TOROID (LO-1 230); 


TAP AT 4T. 


L3: 6.5T 0.3mm ECW WOUND ON A 7mm LONG FERRITE BALUN CORE (LF-1222); 


TAP AT 1.5T 


L4: 15T 0.3mm ECW WOUND ON A MINI COIL FORMER WITH SLUG & SHIELD 


CAN (LF-1227); TAP AT 4T. 


L5: 26T 0.3mm ECW WOUND ON AN 18mm OD x 6mm FERRITE TOROID (LO-1 230) 


LF/MEF/HF 
INPUT 
CON3 


SiDRADIO 


and tuning, gain on the frequency 
bands covered by the up-converter and 
ease of operation, so that you don’t 
have to juggle input cables, supply 
switching and so on. We wanted to 
dispense with the need for a string of 
small boxes hooked up to the PC: the 
DVB-T dongle, the LF-HF up-converter 
and either an active antenna or an RF 
preamp and preselector. Plus, you also 
need two antennas and a power supply 
for the up-converter and the proposed 
RF preamp/preselector. This could 
easily end up as an untidy mess of 
boxes and cables hooked to your PC. 

With SiDRADIO (Software Inte- 
grated and Defined Radio), we have 
come up with what is effectively a 
low-cost integrated communications 
receiver. It combines a DVB-T dongle 
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VHF/UHF I 
INPUT l 
CON4 cy ee ee et et ee ee 


\ TUNING 
\ vcl 
\ 10-210pF* 


BAND SELECT * 


25.45 > S65 eS \ 


*BOTH SECTIONS IN PARALLEL, TRIMMERS SET TO MINIMUM 


(whichever one you want to use) with 
an LF-HF up-converter (including an 
HF/VHF signal-switching relay cir- 
cuit) and an RF preamp/preselector, 
with it all powered from the PC via a 
single USB cable. 

The 5-band RF preamp and preselec- 
tor circuit gives improved reception 
on the LF-HF bands from 100kHz to 
beyond 35MHz. 


Integrated SDR concept 

Fig.1 shows how SiDRADIO is con- 
nected to your computer. To cover 
all the available bands, you will need 
a VHF/UHF antenna and an LF-HF 
antenna and these are both connected 
to their respective sockets on the 
rear panel. Also on the rear panel is 
a USB socket so that you can hook 


Fig.3: the circuit diagram of the SiDRADIO. The tuned RF front-end is based on coils L1-L4 and tuning capacitor VC1. Q1 
amplifies the tuned RF signal and feeds it via T1 to the up-converter, which is based on an SA612AD/01 or SA602AD/01 double- 
balanced mixer (IC1) and oscillator XO1. IC1 then feeds the antenna input of the DVB-T dongle via relay RLY1. 


it up to your laptop or desktop PC. 
No other cables are required, so it is 
very straightforward to connect it all 
together and then listen to the world. 

On the front panel is a 5-position 
band switch, a thumb-operated knob 
for band tuning and a gain control knob. 
On the righthand side of the front panel 
is a toggle switch that allows you to 
switch between the two antennas via 
an internal relay — ie, there’s no need 
to disconnect antennas. 

All of the components and circuitry 
for SiDRADIO are built on a double- 
sided PCB available from the EPE 
PCB Service measuring 197 x 156mm, 
which is housed (along with the don- 
gle) in a low cost ‘low profile’ ABS 
instrument case measuring 225 x 165 
x 40mm (W x D x H). 
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Tl: WOUND ON AN 18mm OD x 6mm FERRITE TOROID 12: WOUND ON A 14mm LONG FERRITE BALUN CORE 


(LO-1230); PRIMARY & SECONDARY BOTH 27T OF 
0.3mm ECW 


Fig.2 is the block diagram of the 
SiDRADIO and shows all the circuit 
sections, including the USB DVB-T 
dongle. Note switch S1 — it switches 
power to the circuitry and controls a 
relay which selects either the output 
signal from the up-converter or the 
signal from the VHF-UHF antenna. 

The selected signal is fed to the USB 
dongle for processing and its output is 
fed via the USB cable to the computer. 
Note that the USB cable also feeds 
power to the circuitry. 


Circuit details 

The full circuit diagram of our 
SiDRADIO is shown in Fig.3. The 
up-converter’s input transformer T1 is 
fed from the output of the RF preamp 
and preselector section, the circuitry 


LED BF998 
62(3)- 
K o14) EA 012) 
rN s(1) 


(LF-1220); PRIMARY 11T OF 0.3mm ECW, 
SECONDARY 2T OF 0.8mm ECW 


LF-HF POWER CON1 
USB 
TO PC 
(TYPE B) 
USB TO 
DVB-T 
DONGLE 
RLY] = 
UIRC-23F-05 
OR SIMILAR) 
E lt 
© 
O VHF/UHF 
es OUTPUT 
TO DONGLE 


IF 


BAND 1: 100kHz — 320kHz 
BAND 2: 300kHz - 1.0MHz 
BAND 3: 1.0MHz — 3.4MHz 
BAND 4: 3.4MHz - 11MHz 
BAND 5: 11MHz—- 35MHz 


Table 1: Common DVB-T Dongle Tuner Chips & Their Frequency Ranges 


Tuner Chip Frequency Range DVB dongle model in which chip is found 


Elonics E4000 


52 - 2200MHz* |EzCAP EzTV668 DVB-T/FM/DAB, many current 'no name' devices 


Rafael Micro R820T| 24 - 1766MHz 


2 (not known — but may be in many future dongles) 


Fitipower FCO0013 | 22-1100MHz 


EzCAP EzTV645 DVB-T/FM/DAB, Kaiser Baas KBA010008 TV Stick 


Fitipower FCO012 | 22 -948MHz 


Many of the earlier DVBT dongles 


*With a gap from 1100MHz to 1250MHz (approx) NOTE: Elonics may have ceased manufacture 


on the lefthand side of Fig.3 and based 
around Q1, a BF998 dual-gate VHF 
depletion-mode MOSFET. 

Q1 is configured as a standard 
common-source RF amplifier, with 
the incoming RF signals fed to gate 
G1 and the transistor’s gain varied by 
adjusting the DC bias voltage applied 
to gate G2, using 50kQ pot VR1. The 
output signal appears at Q1’s drain, 
and is fed directly to the primary of T1. 
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Q1 therefore acts as an RF pream- 
plifier, with VR1 able to adjust its gain 
from virtually zero up to approximately 
+20dB. It may seem strange to have a 
preamp whose gain can be reduced 
down to zero, but having the gain vari- 
able over a wide range is essential to 
reduce overloading and cross-modula- 
tion from very strong signals. 

Because Q1 performs best in this 
kind of circuit with a +12V DC supply, 
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ezcan 


©2V8-T EN CAD 


DVB-T tuner dongles can be purchased online quite cheaply. These three units 
all feature a 75-ohm Belling-Lee antenna socket but many other dongles come 


with a much smaller MCX connector. 


we are using a DC-DC step-up converter 
to derive this +12V from the +5V USB 
supply fed in via CON1. It’s basically 
a simple boost converter using IC2, an 
MC34063, together with inductor L5 
and Schottky diode D1. 

The output of the converter is 
about +12.5V (12.2-13.2V range), as 
measured across the 47pF tantalum 
capacitor. 

The DC-DC converter operates at 
between 50kHz to 60kHz and as a 
result its output voltage carries a 
significant amount of ripple at these 
frequencies. To minimise interference 
to the RF preamp due to harmonics of 
this ripple (especially on the lowest 
100-320kHz band), the converter’s 
output is filtered using RF choke L6 
(1mH) and its accompanying 1pF 
capacitor. These form a low-pass 
LC filter with a corner frequency of 
around 5kHz. 


Agilent Technologies 


‘Freq(1}: 125.00MHz —_ | }:125.00MHz PK-PKIT): 3.856V | ): 3.856V 
+3) Source » Select: Measure ea Clear Meas Thresholds 
1 Pk-Pk PPK} ~~ ~> 
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Shielding 

Also critical to the circuit’s perfor- 
mance is the shielding we have had 
to provide between the converter’s 
circuitry (especially L5) and the RF 
preamp and preselector circuitry. We 
will discuss this shielding later. 

The 5-position 2-pole switch (S2a/ 
S2b), coils L1-L4 and tuning capacitor 
VC1 form the preselector section of the 
circuit. This is connected between LF- 
HF antenna input connector CON3 and 
the preamplifier input. Coils L1-L4 are 
used to cover each of the five bands, 
with L1 tapped so that it can be used 
to cover both of the lower bands. Tun- 
ing within each band is then carried 
out using VC1. 

Switch S2a connects the antenna 
input to the input tap on each coil, 
while S2b connects tuning capacitor 
VC1 and the preamp input to the ‘top’ 
of each coil. Note that the ‘Q’ of each 


Fig.4: this scope 
grab shows the 

J 125MHz signal 
from the crystal 
oscillator. This was 
measured using a 
400MHz probe and 
a 350MHz scope, 
so many of the 
upper harmonics 
have been heavily 
attenuated. Even so, 
it can be seen that 
the waveform is 

far from sinusoidal 
and that’s why it’s 
followed by an LC 
filter to clean it 

up and so reduce 
spurious responses. 


coil is relatively modest, so the tuning 
of VC1 is fairly broad rather than sharp 
and critical. This is especially the case 
with coil L1. 


Up-converter operation 

The frequency conversion is per- 
formed by IC1, which is an SA612AD 
or its close relative the SA602AD. Both 
are double-balanced mixer devices de- 
signed specifically for this kind of use. 
The LF-HF signals to be up-converted 
enter the circuit from the RF preamp 
via matching transformer T1, before 
being fed into the balanced inputs 
(pins 1 and 2) of IC1. 

The 125MHz signal used to ‘shift’ 
the input signals up in frequency is 
generated by crystal oscillator mod- 
ule XO1, a very small HCMOS SMD 
device which produces a 125MHz 
clock signal at its pin 3 output. The 
output voltage at this pin is 2.65V 
peak-to-peak, which is rather too 
high for linear operation of the mixer. 
In addition, it’s essentially a square 
wave, rich in harmonics of 125MHz 
as well as the fundamental. You can 
see its output in the scope grab shown 
in Fig.4. 

As a result, this ‘squarish’ 125MHz 
signal is fed through a low-pass filter 
formed by a 390nH inductor and 3.3pF 
capacitor, to filter out most of the 
harmonics. These would otherwise 
contribute to spurious signals via 
cross-modulation in the mixer. Then 
we reduce the filtered 125MHz signal 
down to a more suitable level for the 
mixer, via a voltage divider consisting 
of two 10kQ resistors. 

The signal is then fed into the oscil- 
lator input (pin 6) of IC1 via a 470pF 
coupling capacitor. 

Inside the mixer, the balanced input 
signals at pins 1 and 2 are mixed with 
the 125MHz oscillator signal at pin 6. 
The resulting mixing products appear 
in balanced form at the outputs (pins 
4 and 5). 

Because IC1 is a double-balanced 
mixer based on a Gilbert cell, the 
outputs contain very little of the 
original input signal frequencies Fin 
or the oscillator signal frequency Fo¢¢ 
(125MHz). Mainly, they contain the 
‘sum’ and ‘difference’ products, ie: 


Sum product = (Fosc¢ + Fin) 
Difference product = (Fosc — Fin) 
It’s the sum product that we want. 


Although the difference product is also 
present in the outputs, the signals it 
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contains are in a different tuning range 
so they can be ignored. 

The balanced output signals from 
the mixer are passed through a second 
matching transformer, T2. As well as 
stepping them down in impedance 
level (15000:75Q), T2 also converts 
them into unbalanced form to provide 
better matching to the input of the 
DVB-T dongle. 

The output signals from T2 are not 
taken directly to the dongle input 
but instead to the normally open 
contact of relay RLY1. It’s the mov- 
ing common contact of RLY1 which 
connects to the dongle, and since 
the actuator coil of RLY1 is driven 
by the +5V supply line when switch 
S1 is closed, this means that the up- 
converter’s output is only connected to 
the dongle when power is applied via 
S1. This mode is indicated by LED1 
being lit. 

When S11 is switched off and +5V 
power is not applied, the moving 
contact of RLY1 connects to the nor- 
mally closed contact and this connects 
directly to the converter’s VHF/UHF 
input connector CON4 at lower left. 
So when S11 is turned off to remove 
power from the LF-HF front-end cir- 
cuitry, the input of the DVB-T dongle 
is connected directly to the VHF/UHF 
antenna, as noted above in the brief 
discussion of Fig.2. 

IC1 and RLY1 operate directly from 
the nominal +5V USB rail, with diode 
D2 used to absorb any back-EMF spikes 
which may be generated by the coil of 
RLY1 when power is removed. Crystal 
oscillator module XO1 operates from 
+3.3V and this is derived by REG1, an 
LP2950-3.3 LDO (low drop-out) device 
in a TO-92 package. 

That’s about it, apart from mention- 
ing that the DVB-T dongle is always 
connected to the USB port of your PC 
regardless of the position of $1. That’s 
because USB connectors CON1 and 
CON2 are linked together. This means 
that providing the USB cable remains 
plugged into CON1 and the PC’s port, 
the dongle is always powered up and 
operating. 

So, effectively, S1 acts as a band- 
select switch, with the dongle receiv- 
ing LF-HF signals when S11 is in the 
on position and VHF/UHF signals 
when it is off. 


Construction 
All the parts except for bandswitch 
S2 and the VHF-UHF input connector 
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ihersDR#zapplicationzandsitssteatures 


SDR# is an easy-to-use software application designed to turn almost any PC into a 
powerful SDR (software defined radio), using either a DVB-T dongle (the hardware 
‘front end’) or other devices. Here are some of its salient features: 

(1) RF performance, frequency accuracy: the RF performance basically depends 
on the chips used in the DVB-T dongle used with SDR#. A typical dongle fitted with 
the Elonics E4000 tuner chip can tune from 52-1100MHz and 1250-2200MHz, with 
a sensitivity of approximately 1.5uV for 12dB of quieting at frequencies up to about 
180MHz, rising to about 20uV for the same degree of quieting at 990MHz. 

The SDR# software used with the dongle provides a ‘frequency correction’ feature, 

whereby you can correct for any frequency error in the DVB-T dongle. In addition, 
there is a ‘frequency shift’ feature, allowing you to display the correct frequencies 
even when you have an up-converter connected ahead of the dongle. 
(2) Demodulation modes: AM (amplitude modulation), NFM (narrow frequency 
modulation), WFM (wide frequency modulation), LSB (lower sideband), USB 
(upper sideband), DSB (double sideband), CW-L (carrier wave with BFO on low side) 
and CW-U (carrier wave with BFO on high side). 

In all these modes, the PF filter bandwidth can be adjusted over a wide range, while 

the filter type can be selected from a range of five (Hamming, Blackman, Blackman- 
Harris, Hann-Poisson or Youssef). The filter order can also be selected over a wide 
range. In both CW modes, the frequency separation of the software BFO can also 
be adjusted. There is adjustable squelch and also both linear and ‘hang’ AGC. 
(3) FFT spectrum display and/or waterfall spectrum/time display: the FFT spec- 
trum display and waterfall display can be selected either separately or together. The 
windowing function used can be selected from six choices: None, Hamming, Black- 
man, Blackman-Harris, Hamm-Poisson or Youssef, and the display resolution can 
be adjusted over a wide range by changing the block size from 512 to 4,194,304, in 
powers of two, with the higher resolutions requiring greater processing overhead. 

Good results can be achieved with the default resolution of 4096, which was used 
for the screen grab shown below. 


, 7m i { ' al a L A.) 


Uh ft q ull 


Finer tandwith — Filter order 
14800 ¢ « 


Fig.5: SDR# spectrum and waterfall displays for a 702kHz AM signal. Note 
that a frequency shift of 125MHz has been entered (at top right) so that the 
correct tuned frequency is displayed. 
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Constructional Project 


CON3 
LF-HF INPUT 
@ 


ie) 


& 


(CON4) are mounted on a large PCB 
available from EPE PCB Service, coded 
06109131 and measuring 197 x 156mm. 
This has a cut-out area at the righthand 
end to provide space for the DVB-T 
dongle and its input connector, in order 
to make an integrated assembly. 

As shown in the photos, the PCB/ 
DVB-T dongle assembly fits neatly into 
the low-profile ABS instrument case. 
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(TO DONGIE) 
VEEUHE 
1 


SHORT LENGTH 
OF 759. COAXIAL 
CABLE (RG6) 


LF/HF POWER 


Rotary bandswitch S2 mounts directly 
on the lefthand end of the front panel, 
while the VHF-UHF input connector 
(CON4) is mounted on the rear panel 
with its ‘rear end’ protruding into a 
second (small) cut-out in the PCB. 
Fig.6 shows the parts layout on the 
PCB. There are eight SMD components 
in all: IC1 (SA612A), crystal oscilla- 
tor module XO1, the 390nH inductor, 


J BAND SELECT 
Fig.6: the parts layout and wiring diagram. Start with the SMD parts and make sure all polarised parts are correctly oriented. 


a 3.3pF capacitor, a 10nF capacitor 
(alongside XO1), the two 10kQ resis- 
tors and transistor Q1 (BF998). These 
parts should be installed first, starting 
with the five passive components and 
then Q1, XO1 and IC1. 

You will need a fine-tipped solder- 
ing iron and a magnifier (preferably a 
magnifying lamp) to solder the SMD 
parts in. The trick is to carefully posi- 
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100nF_> OF 
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—s 


06109131 
© 2013 


HE FRONT END FOR 
DUB-T DONGLE BASED 


UCI 


This view shows the completed PCB inside the case, together with a DVB-T dongle. Note that a metal shield is fitted to 
the PCB, while horizontal shields are fitted to the top and bottom of the case. The shields will be described next month. 


tion each part on the PCB and solder 
just one lead to begin with, then check 
that the device is correctly aligned 
before soldering the remaining leads. 
If it’s not correctly located, it’s just 
a matter of re-melting the solder on 
the first lead and nudging the device 
into position. 

Don’t worry if you get solder bridges 
between IC1’s pins when soldering it 
into position. These bridges can easily 
be removed using solder wick. 

By the way, there are actually two 
versions of the BF998 MOSFET, both 
in the SOT-143 SMD 4-pin package — 
the standard BF998 and the BF998R 
with transposed (reversed) pin con- 
nections. Make sure you are supplied 
with the former and not the latter, 
because the PCB has been designed 
to suit the standard version and won’t 
take the ‘R’ version. If you source the 
BF998 device from element14, it has 
the part number 1081286. 


Both the SA612AD and the SA602AD 
mixer devices are in an SOIC-8 package 
and are pin compatible, so you can use 
either as IC1. They are made by NXP 
(formerly Philips) and are available 
from a number of suppliers, including 
element14. Whichever one you use, just 
make sure you fit it with the orientation 
shown in Fig.6 — ie, with its bevelled 
long edge towards transformer T1. 

Crystal oscillator module XO1 has a 
footprint of just 4 x 3mm. This is a Fox 
*XPRESSO’ FXO-HC536-125 device, 
also available from element14. 

Its orientation is also critical; it must 
go in with pin 1 (indicated by a tiny 
arrow or ‘foxhead’ symbol etched into 
one corner of the top sealing plate) at 
lower left as viewed in Fig.6 (you may 
need a good magnifying glass to locate 
that symbol). 

Once these are in, install the leaded 
passive components, starting with the 
resistors and moving on to the capacitors 
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and RF choke L6. Diodes D1 and D2 can 
then go in, making sure that you fit the 
correct diode in each position and with 
the correct orientation 

Follow with 3.3V regulator REG1, 
then the MC34063 DC-DC converter 
controller (IC2). Make sure that these 
parts are fitted the right way around. 

Power switch S11 is next, after which 
fit the USB input and output connectors 
(CON1 and CON2), the LF-HF input 
connector (CONS) and relay RLY1. Note 
that RLY1 is again a very small compo- 
nent, measuring just 12 x 7 x 10mm 
(L x W x H). A JRC-23F-05 relay from 
Futurlec was fitted to the prototype. 

Next, you can fit the PCB terminal 
pins. There are 19 of these, 12 of which 
are located to the rear of S2 and one 
(TPG2) to the left of S2. Another TPG 
pin is located at upper left near CON3, 
while two further pins are located at 
centre right to terminate the RF output 
cable to the DVB-T dongle. 
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Constructional 


A compact ‘RF front end’ for a software defined radio using a laptop or desktop 
PC. It can incorporate virtually any of the DVB-T dongles used for SDR and couples 
the dongle to an up-converter for LF-HF reception, the latter effectively shifting 
LF-HF radio signals up by 125MHz into the VHF spectrum. 


The front end also includes a signal-switching relay so when power is not applied 
to the LF-HF preselector and up-converter circuitry, the dongle’s VHF-UHF signal 
input is switched directly to the VHF/UHF input (this avoids the need for cable 
swapping). All power for both the dongle and the front-end circuitry is derived 


from the USB port of the PC. 


VHF/UHF input impedance: 75Q unbalanced 


Up-converter section conversion gain: approximately +10dB +2dB over the input 
range 100kHz to 35MHz (corresponding output range = 125.1MHz to 180MHz) 


LF-HF input impedance: 50Q unbalanced 


Preselector bands: Band 1 = 100-320kHz; Band 2 = 300kHz-1MHz; 
Band 3 = 1-3.4MHz; Band 4 = 3.4-11MHz; Band 5 = 11-35MHz 


RF gain: variable from zero to about +20dB, over the range 100kHz to 35MHz. 


Typical effective LF-HF sensitivity: Band 1 = 20-50uV; Band 2 = 18-50uV; 
Band 3 = 5-12uV; Band 4 = 1.5-4uV; Band 5 = 1-2uV 


VHF/UHF output impedance: 75Q unbalanced 

Power supply: 5V DC from computer USB port 

Current drain for VHF-UHF reception (ie, dongle only): less than 70mA 
Current drain for LF-HF reception: less than 220mA 


The remaining three pins are at 
lower centre of the PCB, two to the 
left of inductor L6 and one to the left 
of potentiometer VR1. 


Fitting VC1 

The next step is to fit tuning capacitor 
VC1. This must be spaced up from the 
PCB by 3.5mm, so that the tuning knob 
just clears the bottom of the case when 
the PCB is later fitted into it. Fig.7 
shows the mounting details. 


MINI TUNING CAPACITOR 
(CONNECTION PINS AT REAR) 


M2.5 x 6mm 
LONG SCREWS 


TUNING 
KNOB/DISC 


(VIEW FROM FRONT) 


M3 NUTS AND 
FLAT WASHERS 
USED AS SPACERS 


As. can be seen, an M3 nut and small 
flat washers are used as a spacer on ei- 
ther side. In addition, the M2.5 x 4mm 
mounting screws supplied with the 
tuning capacitor have to be replaced 
with M2.5 x 6mm screws, to cope with 
the additional length required due to 
the spacers. 

Make sure that VC1’s three connec- 
tion lugs at the rear are fed through 
their matching pads on the PCB when 
it is installed. Once VC1 is secured in 


PLASTIC COIL 
FORMER & BASE 


2 1 2 : 1 2 
2 x K 
pour p= a 
- | 5 . 


Fig.8: the winding 
details for coil L4. 
It’s wound using 
0.3mm ECW on 

a small RF coil 
former, with a tap 
after four turns at 
position ‘A’. Don’t 
forget to fit the 
ferrite slug. 


position, these leads are then soldered 
to the pads on both sides of the PCB. 
The tuning knob can then be fastened 
to the shaft using one of the supplied 
M2.5 x 4mm screws. 


Coils and transformers 

The next step is to wind transformers 
T1 and T2 and also coils L1-L5. We’ll 
deal with transformer T1 and coils L2 
and L5 first, since they are all wound 
on identical toroidal ferrite cores, each 
with an outside diameter of 18mm and 
a depth of 6mm (eg, Jaycar LO-1230 
or similar). 


e Transformer T1’s primary and sec- 
ondary windings both consist of 27 
turns of 0.3mm ECW (enamelled 
copper wire) wound closely on op- 
posite sides of the toroid (they can be 
temporarily secured with tape). When 
both windings have been made, trim 
the leads to about 10mm and strip off 
5mm of enamel from each end. 

The toroid assembly can then be 
mounted on the PCB and secured in 
place using two small nylon cable ties 
as shown in Fig.6. After that, it’s just 
a matter of soldering its four leads to 
the relevant pads on the PCB. 


e Coil L2 consists ofa single winding 
of 14 turns with a tap connection at 
four turns, again using 0.3mm ECW. 
After winding the first four turns, bring 
the wire straight out from the toroid, 
then double it back after about 12mm 
to form the tap connection and wind 
on the remaining 10 turns in the same 
direction as the first four. 

That done, trim the start and finish 
ends to about 10mm and strip 6mm 
of enamel from each end and from the 


FERRITE 
SLUG 


15T 
(FINISH). 2 


@ ® 


= 
Fig.7: this diagram shows the mounting details SOLDER WIRE a MAKE LOOP IN WIRE, AFTER WINDING ON 11 
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as spacers, so that its tuning wheel clears the 


bottom of the case. magazine 2014. 
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WINDING DETAILS FOR COIL L4 
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The software needed to configure a 
DVB-T dongle and PC combination 
as an SDR consists of two main com- 
ponents: (1) a driver which allows the 
PC to communicate via the USB port 
with the Realtek RTL2832U (or similar) 
demodulator chip inside the dongle; 
and (2) application software to allow 
the PC to perform all the functions of 
an SDR in company with the SIDRA- 
DIO and its DVB-T dongle. 

The driver must be installed first. 
The most popular driver for a DVB-T 
dongle with an RTL2832U democ- 
ulator chip (when used as an SDR) is 
the ‘RTLSDR ’ driver (nearly all dongles 
use the RTL2832U). The website at 
www.rtisdr.org provides lots of infor- 
mation on this. 

Once the driver has been installed, 
the application software can be in- 
stalled. The most popular application 
software is SDR#, available from 
www.SDRSharp.com 


tap loop. The coil can then be fitted to 
the PCB, secured with nylon cable ties 
and the leads soldered. 


e Coil L5 can be tackled next. It 
simply consists of 26 turns of 0.3mm 
ECW, with no taps or other complica- 
tions. As before, it’s secured to the top 
of the PCB using two small cable ties. 


e RFoutput transformer T2 is wound 
on a 14mm-long ferrite balun core 
(Jaycar LF-1220 or similar), with the 
winding wire passed up through one 
hole in the balun core and then back 
down through the other hole, and so on. 


Constructional 


The secondary consists of just two 
turns of 0.8mm ECW and should be 
wound first. Then you can wind the 
primary, which consists of 11 turns 
of 0.25mm ECW. Note that the leads 
of the two windings emerge from op- 
posite ends of the balun. 

When you have finished both wind- 
ings, trim the free wire ends to about 
10mm and strip the enamel from each 
end. The completed balun can then be 
mounted on the PCB and its four wire 
leads soldered to their respective pads. 
Make sure that the balun is oriented 
with its 11-turn primary winding to 
the left and solder these wires on both 
sides of the PCB. 


e Coil L3 is wound on one of the 
smaller 6mm-long ferrite balun cores 
(Jaycar LF-1222 or similar). In this 
case, you need to wind on 6.5 turns 
of 0.3mm ECW with a ‘loop tap’ made 
after 1.5 turns from the start (ie, from 
the GND connection). 

It’s just a matter of winding on the 
first 1.5 turns, then bringing the wire 
out and doubling it back after about 
12mm to form the tap, then winding 
on the remaining five turns — see Fig.6. 


e Coil L4 (band 5) is close-wound on 
asmall RF coil former that’s fitted with 
a ferrite tuning slug and housed in a 
shield can (Jaycar LF-1227 or similar). 
Although this coil only has 15 turns of 
0.3mm ECW with a loop tap, it’s a bit 
fiddly to wind because of the former’s 
small size and because the former has 
only two termination pins. 

Fig.8 shows the winding details for 
L4. The ‘loop tap’ is formed just after 
four turns from the start/GND end (pin 
1) and is fed down through one of the 
small slots (A) in the former’s base, so 


that it can subsequently be fed through 
its matching hole in the PCB. Again, 
make this ‘loop tap’ about 12mm long, 
then wind on the remaining 11 turns 
and terminate the wire on pin 2. 

That done, screw the supplied fer- 
rite slug into the former, along with the 
small piece of rubber thread supplied 
to act as a ‘hold tight’. You should 
then scrape the insulating enamel 
from the ‘tap loop’ so that it’s ready 
for soldering. 

The completed coil assembly can 
now be mounted on the PCB (just 
below coil L3). Orient it as shown 
on Fig.6, so that the two pins and 
the ‘tap loop’ each go through their 
matching PCB holes (ie, pin 1 GND at 
bottom right, 4T tap at top). Once it’s 
in place, solder the three connections 
underneath the PCB, making sure that 
you get a good solder joint to both of 
the tap loop wires. 

The next step is to gently screw 
down the ferrite slug inside L4 using 
a nylon alignment tool until it just 
touches the surface of the PCB. That 
done, slip the metal shield can over 
the completed coil former, until its two 
attachment lugs pass down through 
the holes provided on each side. These 
are then soldered to their pads on the 
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Value 
1pF 
220nF 


pF Value IEC Code EIA Code 
1F 1u0 = 105 
0.22yF 220n 224 
100nF O.1pF 100n 104 
10nF 0.01npF 10n 103 
470pF NA 470p 471 
390pF NA 390p 391 
3.3pF NA 3p3 ss 3.3 


Tae ) & Pav Fe Ba Ver Boies 

4-Band Code (1%) 

brown green yellow brown 
brown black yellow brown 
yellow violet orange brown 
red red orange brown 
brown black orange brown 
red yellow red brown 
brown grey red brown 
orange white brown brown 
orange blue brown brown 
brown grey brown brown 
yellow violet gold brown 


5-Band Code (1%) 

brown green black orange brown 
brown black black orange brown 
yellow violet black red brown 

red red black red brown 

brown black black red brown 
red yellow black brown brown 
brown grey black brown brown 
orange white black black brown 
orange blue black black brown 
brown grey black black brown 
yellow violet black silver brown 
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Parts List for SIDRADIO 


1 double-sided PCB, available from 
the EPE PCB Service, code 
06109131, 197 x 156mm 

1 set of front and rear PCB panels, 
available from the EPE PCB 
Service, code 06109132 and 
06109133 (200 x 30mm) 

1 low profile ABS instrument case, 
225 x 165 x 40mm 

1 DVB-T dongle (using an 
RTL2832U decoder chip and 
either the R820T, E4000 or 
FC0013 tuner chips) 

1 short length of 75Q coaxial cable, 
with plug to suit RF input of 
dongle 

1 HCMOS 3.3V crystal oscillator 
module, 125MHz (Fox Electron- 
ics FXO-HC536-125 or similar, 
element14 2058072) (XO1) 

1 SPDT 5V mini DIP relay, JRC- 
23F-05 or similar (Futurlec) 
(RLY1) 

1 SPDT PCB-mount vertical acting 
toggle switch (S1) 

1 2-pole 5/6-position rotary switch 
(S2) 

1 USB type B socket, horizontal 
PCB-mount (CON1) 

1 USB type A socket, horizontal 
PCB-mount (CON2) 

1 BNC socket, PCB mount (CONS) 

1 PAL (Belling-Lee) socket, panel- 
mount (CON4) 

2 instrument knobs, 20mm 
diameter x 18mm deep 

3 toroidal ferrite cores, 18mm 
diameter x 6mm deep (Jaycar 
LO-1230 or similar) 

1 6mm-long ferrite balun core 
(Jaycar LF-1222 or similar) 

1 14mm-long ferrite balun core 
(Jaycar LF-1220 or similar) 

8 small Nylon cable ties 

1 mini RF coil former with slug and 
shield can (Jaycar LF-1227 or 
similar) 

1 pair of ferrite pot core halves 
with bobbin (Jaycar LF-1060 + 
LF 1062 or similar) 

1 50kQ linear pot, 16mm (VR1) 

1 10 - 120pF miniature PCB-mount 
tuning capacitor with knob and 
mounting screws (VC1) (Jaycar 
RV-5728 or similar) 

1 M3 x 25mm nylon machine screw 

1 M3 nylon nut 

2 MS flat nylon washers 


19 PCB pins, 1mm diameter 

1 1mH axial RF choke/inductor (L6) 

1 390nH SMD inductor, 0805 (L7) 

2 M2.5 x 6mm machine screws 

10 6mm-long No.4 self-tapping 
screws 

1 M3 x 6mm machine screw 

1 M3 spring lockwasher 

3 M3 nuts 

2 M3 flat washers 

190 x 36 x 0.8mm aluminium 
sheet or tinplate (to make vertical 
shield) 

1 rectangular piece of blank PCB, 
195 x 150mm (for top horizontal 
shield) 

1196 x 134 x 0.25mm copper foil 
or tinplate (for bottom horizontal 
shield) 

1 200mm-length 0.25mm-dia, ECW 

1 1m-length 0.3mm-dia. ECW 

1 100mm-length 0.8mm-dia. ECW 

Tinned copper wire, hook-up wire, 
etc 


Semiconductors 

1 SA612AD/01 or SA602AD/01 
double balanced mixer (IC1) 
(element14 2212081 or 2212077) 

1 MC34063 DC-DC converter (IC2) 

1 BF998 dual-gate VHF MOSFET 
(Q1) (element14 1081286) 

1 LP2950-3.3 or LM2936-3.3 LDO 
regulator (REG1) 

1 5mm green LED (LED1) 

1 1N5819 Schottky diode (D1) 

1 1N4004 silicon diode (D2) 


Capacitors 

1 47pF 10V RB electrolytic 

1 47pF 16V tantalum 

1 10yF 16V RB electrolytic 
2 1pF MMC 

1 220nF MMC 

5 100nF MMC 

5 10nF MMC 

1 10nF SMD ceramic (1206) 
1 470pF disc ceramic 

1 390pF disc ceramic 

1 3.3pF COG/NPO SMD ceramic (1206) 


Resistors (0.25W, 1%) 
1 150kQ 

2 100kQ 

1 47kQ 

2 22kQ. 

2 10kQ SMD (0805) 
1 2.4kQ 


1 1.8kQ 
1 3900 
1 3600 
1 1802 
1 4.70 0.5W 


See next issue for advice on sourcing hard-to-find parts 
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FERRITE 
POT CORE 
HALVES 


NUT 


M3 x 25mm ——”” 
NYLON SCREW 


Fig.9: coil L1 is wound on the bobbin 
of a 2-part ferrite pot core (see text) 
and secured to the PCB using an M3 x 
25mm nylonscrew, washers and nut. 


underside of the PCB to secure the 
can in place. 


Winding coil L1 

L1, the remaining coil (Fig.9) is wound 
on the bobbin of a 2-section ferrite 
pot core assembly measuring 25mm 
in diameter and 16.5mm high (Jaycar 
LF-1060 + LF1062 or similar). 

This coil is wound in a conventional 
fashion directly on the bobbin and 
consists of 48 turns of 0.3mm ECW 
with two tapping loops. The winding 
procedure is as follows. 

First, anchor the ‘start’ end of the wire 
to one side of the bobbin using cellulose 
tape. That done, close-wind four turns 
onto the bobbin, then bring out a loop 
of wire to form the antenna ‘tap’ via the 
same slot in the bobbin’s side that was 
used for the ‘start’ lead. Anchor this 
loop tap to the side of the bobbin with 
another small piece of cellulose tape, 
then close-wind on 13.5 more turns in 
the same direction as the first four turns. 

After winding on these extra turns, 
bring out another tap loop through the 
slot in the opposite side of the bobbin 
(ie, opposite the ‘start’ and ‘4T tap’ 
wires). Anchor this loop to the outside 
of the bobbin using cellulose tape, then 
wind on a further 13 turns to fill this 
first winding layer. 

Next, apply a narrow strip (9-10mm 
wide) of cellulose tape over this layer 
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imagine 
this... 


to hold it all in place, then continue 
winding in the same direction to pro- 
duce a second layer of 18 turns. 

When the last turn has been wound 
on, bring the wire end out through the 
same bobbin slot as the ‘17.5T tapping 
loop’ and cut it off about 10mm from the 
bobbin. This lead becomes the 48-turn 
‘top’ of coil L1. Another narrow strip 
of cellulose tape is then placed over 
the second layer to hold everything 
in place. 

With the windings completed, the 
next step is to scrape off about 5mm 
of enamel insulation from the ends of 
all four coil connections. That done, 
place the bobbin inside one half of the 
ferrite pot core and fit the assembly to 
the PCB as shown in Fig.9, with each 
wire or loop connection fed into its 
matching PCB hole. 

The top half of the pot core is then 
fitted in position and the entire coil 
assembly secured to the PCB using 
an M3 x 25mm nylon machine screw, 
two nylon flat washers and an M3 
nylon nut. Note that the screw should 
be passed up through the PCB from 
underneath, as shown in Fig.9. 

Finally, solder the various leads 
running from L1 to the PCB pads on 
both sides of the board. 


Completing the PCB assembly 
The PCB assembly can now be com- 
pleted (apart from its central shield) 
by fitting VR1 and LED1. Before fit- 
ting VR1, cut its shaft to a length of 
about 9mm and remove any burrs. 
VR1 can then be soldered into posi- 
tion, after which a short length of 
tinned copper wire is used to connect 
the pot’s metal shield can to the earth 
copper of the PCB, via earth terminal 
pin TPG1. 

Note that you may have to scrape 
away the passivation from a small 
area of the pot’s metal shield and ap- 
ply some flux in order to achieve a 
good solder joint. You will also need 
a really hot soldering iron. 

LED1 is mounted vertically with 
20mm lead lengths (use a cardboard 
spacer). Be sure to orient it with its 
anode lead (A) to the right. Once it’s 
in place, bend its leads forward by 90° 
about 8mm above the PCB so that it 
will later protrude through its matching 
hole in the front panel. 

The next step is to make the cen- 
tral shield for the PCB plus top and 
bottom horizontal shields to ensure 
good performance. We'll detail these 
shields and complete the construc- 
tion in Part 2 next month. 
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Power 
politics 


AC or DC, which way to go? It’s a serious question that is exercising the minds of the people 
who plan the provision of electricity generation and distribution for the future. Mark Nelson 


examines the issues at stake. 


CHANCES ARE THAT THE MAINS 
supply to your house is AC — 
alternating current. If your only 
supply is a wind generator or an 
array of solar panels, then you may be 
getting by with DC, but you will be in 
a minority. That’s not the case in other 
parts of the world, however. In North 
America for instance, there are nearly 
a million homes and businesses not 
on the grid, mostly running on DC 
power. The same applies to motor 
homes and caravans. 

Today’s supply is usually AC, but 
only for historical reasons that will 
almost certainly hold no validity in 
50 years hence. Rational people are 
questioning why we need AC even 
now, let alone the future. Electric 
heating would work equally well on 
DG, as would lighting (if we used LED 
bulbs). Computers, televisions, radio 
receivers and all manner of other 
electronic devices all require low- 
voltage DC, incurring a conversion 
loss from the 230V AC mains that 
only adds to energy usage. Energy 
loss also occurs in converting the DC 
produced by photovoltaic systems 
to AC, and then in many cases back 
to DC. If there is a mass movement 
towards electric cars, the conversion 
losses will mount even higher. 

So, which devices or products 
does this leave that must have AC? 
Mainly washing machine motors, 
refrigerators, vacuum cleaners, 
central heating pumps and clocks, 
all of which happen to use AC power 
(but do not need to if redesigned to 
operate on DC). 


Historical interlude 

Some readers will remember that 
you could still encounter direct 
current (DC) power mains right up 
until the mid-1950s in some towns. 
Most electricity generating stations 
were originally municipally owned, 
producing power for operating the 
electric trams and trolleybuses, also 
for arc lamps used for street lighting. 
These devices were all operated by 
DC, meaning that the surplus energy 
supplied to homes, offices and factories 
was also DC. Subsequently, alternating 
current (AC) appeared on the scene 
and became the standard. The current 
(sorry!) question is whether AC is the 
best kind of electric power. 
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Battle of the currents 

A new ‘battle of the currents’ is about 
to break out, according to the ‘smart 
grid’ experts of the American Institute 
of Electrical and Electronic Engineers 
(IEEE). Advances in technology 
and the increase of devices that can 
generate or operate on DC power 
are again raising the debate over AC 
vs. DC power, they say. Eliminating 
conversion from DC to AC and 
vice versa can greatly improve the 
efficiency of both the grid and the 
devices that can operate ina DC mode. 
Solar photovoltaic panels, batteries 
and fuel cells generate or store DC 
power, and residential, commercial 
and industrial facilities are projected 
to increase DC electrical loads that do 
not require first converting to AC. 

Of course, we won’t abandon 
AC overnight, and in developed 
regions of the world where the AC 
power grid is well established, it 
may not be feasible to change large 
portions of the existing grid to DC. 
However, certain aspects of the grid, 
such as distribution primaries and 
secondaries may still be candidates 
for a DC revolution. Regions of the 
world where electric infrastructure is 
still developing may be able to adopt 
the latest innovations in DC energy 
production, transportation and end- 
use technologies. 

Renewables will be the primary 
source of electricity there, and the 
vast majority of these are DC-based, 
as are the batteries that will store 
that power. Even in more developed 
countries, pressure to reduce our 
dependence on fossil fuels will 
encourage the use of renewably 
generated power, all meaning that 
the market for high-quality DC- 
based systems will grow rapidly 
over the next decade, as standards 
are created that allow anyone’s 
equipment to work with anyone else’s 
equipment and the cost of generation 
(photovoltaic cells, wind farms and 
wave power) continues to drop. 


Economic advantage 

Semiconductor specialists Infineon 
Technologies, a spin-off of electrical 
giant Siemens, sums up the reasons 
for change, stating there are many 
advantages to using direct rather than 
alternating current. For example, 


when using direct current there are 
5 to 7 per cent less losses in power 
grids and electric devices. Direct 
current also makes it possible to feed 
electric energy from regenerative 
sources into power grids and energy 
storage devices more efficiently, 
thereby improving grid stability. 


Circuit breaker solutions 
Admittedly, until now it has not 
been possible to fully explore the 
potentials of direct current because 
of a lack of efficient and cost-effective 
circuit breaker technologies. The 
electromechanical circuit breakers 
available today cause a risk of arcing 
when switching direct current 
and voltages, and are slow, heavy 
and expensive. To eliminate this 
shortcoming, the German Federal 
Ministry of Education and Research 
is funding Infineon to investigate 
the foundations of an innovative 
semiconductor-based and completely 
electronic circuit breaker for DC 
power grids and applications. The 
circuit breaker should be able to 
switch direct current on and off as 
quickly and safely as possible, at 
voltages up to 1500V. 


Save printer ink 

Switching subjects, but remaining 
eco-minded, I think I can safely say 
that we all enjoy saving money. If you 
print a lot of documents and want 
to economise, normally you have to 
enter ‘draft’ mode in order to save ink 
(for inkjet printers) or toner powder 
(for laser machines). But there’s 
another way: print your documents 
in a font specially designed to print 
more sustainably. It’s a clever idea, 
but not exactly new. 

Nevertheless, the latest ‘eco-font’ 
is claimed to use a third less ink 
than standard fonts and one quarter 
less than other eco fonts, without 
losing legibility. Sponsored by the 
stationery company Ryman, the 
new font could save more than 490 
million ink cartridges and nearly 
15 million barrels of oil, equivalent 
to 6.5m tonnes of CO, emissions a 
year if everyone used the font when 
printing. 

So why not take a look? You can 
download the font for free at: www. 
rymaneco.co.uk 
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Pe eette PRACTICAL ELECTRONICS is offering its readers the chance to win a MGC3130 Hill- 


star Development Kit (DM160218), for 3D gesturing systems. The kit provides designers with an 

easy step-by-step approach to developing 3D gesturing systems with Microchip’s MGC3130 and 
electrodes that meet their specific space requirements. The MGC3130 is the world’s first single-chip 3D 
gesture/free space position tracking solution. The MGC3130 Hillstar Development Kit is a complete ref- 
erence system consisting of an MGC3130 module and one example 4-Layer reference electrode with 95 
x 60mm sensitive area. With several additional reference electrode designs, the Aurea Graphical User 
Interface Software, and an I’C-to-USB bridge module, the kit enables easy design of the MGC3130 into 
several different form factors. 

The GestIC Technology enabled with the MGC3130 serves a wide range of applications in computing, 
such as laptops, keyboards, input devices; in lighting applications, including light switches and controls; 
in consumer electronics, such as audio docks, printers and copiers; and automotive markets for automo- 
tive interior controls, among others. 

The MGC3130 Hillstar Development Kit enables customers to integrate an advanced 3D hand position 
and gesturing user interface into virtually any electronic product using a modular approach with com- 
plete documentation, reference layouts, hardware and a software GUI. 


HOW TO ENTER 


For the chance to win MGC3130 Hillstar 3D Gesture 
Development Kit please visit: 
http:/;www.microchip-comps.com/epe-hilstar and enter your details in the online entry form. 


CLOSING DATE 
The closing date for this offer is 31 October 2014 
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If you can’t afford a high- pertormance 
amplifier and loudspeakers, vou 

can still have'the best possible\Hi-Fi 
sound, with this headphone amplifier 
and a set of high-quality headphones. 
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ES, WE KNOW that some of the 
very high quality amplifiers we 
have covered in EPE are ‘over the top’ 
for many people, especially those liv- 
ing in small homes and those who have 
to worry about sound levels annoying 
their neighbours. 
But why not listen via a good pair 
of headphones? Spend a few minutes 
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looking around the Internet and you 
will find all manner of Hi-Fi head- 
phone amplifiers that claim to have 
top-notch performance. In most cas- 
es, there is little or no performance 
data to prove it. Before spending 
upwards of £1000 on a headphone 
amplifier we’d want to know just 
how good it is! 


Our new headphone amplifier has a 
performance virtually the same as our 
best designs. Its distortion at 100mW 
is lower than that from even the best 
CD and Blu-ray players. So essentially 
what you hear is what is recorded on 
the CD — no more and no less. 

This project is not intended to re- 
place portable designs, since those 
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INPUT RF FILTERING 


PREAMPLIFIER (GAIN = 0 TO -15) 


POWER AMPLIFIER (GAIN = -1) 


OUTPUT RLC FILTER 


CON4 
HEADPHONE 
OUTPUT 


Fig.1: this block diagram shows the basic arrangement of the Headphone Amplifier. It incorporates RF filtering, a 
stereo preamplifier, stereo amplifier, output isolation filters and a regulated power supply. 


need to be small, light and battery- 
powered. 


Speaker driver too 

This new headphone amplifier will 
also drive 8Q loudspeakers and has 
a music power of 4.25W for both 
channels driven. This is more than 
adequate if you have reasonably ef- 
ficient loudspeakers in your study, 
office or bedroom. 

It is housed in a half-size 1U steel 
case just 210mm wide, 49mm high and 
125mm deep and is powered by an AC 
plugpack (no 230VAC mains wiring). 
The interior of the case is filled by 
the PCB which accommodates all the 
components. There is no other wiring 
to do; just assemble the PCB, fit it into 
the case and you're finished. 


Circuit features 

Fig.1 shows the block diagram of the 
unit, while Fig.2 shows the complete 
circuit. It looks huge, doesn’t it? That’s 
partly because it shows both channels. 
It can be split into two sections, with 
the preamplifiers and power supply 
on the lefthand side and the power 
amplifiers on the righthand side. 

The preamplifier for each channel 
is based on three op amps, so three 
LM833 dual op amps are used. The 
preamp configuration is a classic 
Baxandall design. The preamplifier 
is inverting and has a gain range from 
zero to —15. 

The reason for such a wide range in 
gain is that we have to provide fora large 
variety of headphone impedances and 


sensitivities. 8Q headphones require a 
much lower voltage swing for the same 
power compared to 6009 phones. Driv- 
ing 8Q headphones from a CD player 
(typically 2V RMS) may require a gain 
of 0.25 or less, while using 600Q phones 
with a line level signal (0.775V RMS or 
sometimes less) could require a gain of 
several times. 

The Baxandall preamplifier circuit 
has the advantage that it varies its gain 
according to the setting of potentio- 
meter VR1. As a result, the residual 
noise level is kept low at the low gain 
settings most commonly required. 
Like a traditional preamplifier, its 
gain can go all the way down to zero 


and up to some fixed number, in this 
case, 15. 

Another advantage of this circuit 
is its log-like gain curve from a linear 
potentiometer, which generally have 
superior tracking compared to log pots. 
All but the most expensive ‘log’ law 
potentiometers actually use a dual 
linear taper and so they don’t really 
have an accurate log response anyway. 

The two power amplifiers on the 
righthand side of the circuit are loosely 
based on a 20W class-A amplifier, 
but with smaller output transistors 
and heatsinks. The power amplifiers 
invert the signal again, so the unit’s 
outputs and inputs are in-phase. Since 


Reaturessandgopecitications 


Main Features 


e@ Suits 8Q - 6002 headphones and ear-buds 


Very low distortion and noise 
Plugpack-powered (no mains wiring) 
Short-circuit protected 


Can also drive efficient 8Q loudspeakers 


Specifications (Figs.3-7) 


Rated power: 100mW (8-100Q), 25mW (600Q) 

THD: 0.0006% @ 1kHz; 20Hz-22kHz bandwidth 
Signal-to-noise ratio: —113dB unweighted; 20Hz-22kHz 
Frequency response: +0.15dB, 20Hz-20kHz 


Channel separation: —73dB @ 1kHz 


Maximum power: 4.25W (8Q), 3W (16Q), 1.5W (32Q), 800mW (60Q), 80mW (6002) 
Class-A power: 18mW (8), 36mW (16Q), 72mW (32Q), 80mW (6000) 
Music power: 4.25W into 8Q, both channels driven (see text) 
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IC1, IC2, IC3 


| VRla 
220pF 10k LIN 


100pF NPO 


D3 1N4004 
10nF a 102 


Fl D1 1N4004 
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-12V 


*FOR DRIVING SPEAKERS, INCREASE THE RATING 
OF F1 TO 2A (FAST) AND ALSO INCREASE THE 
VALUE OF THE TWO 2200yF CAPACITORS 

DS 1N4004 TO 4700pF (SEE TEXT) 


Hi-Fi STEREO HEADPHONE AMPLIFIER 


Fig.2: the complete circuit of the Hi-Fi Stereo Headphone Amplifier. The stereo preamplifier section is at upper 
left and is based on three low-noise dual op amps (IC1-IC3). This stage provides a variable gain of 0-15 depending 
on the setting of VR1 which functions as the volume control. The two identical power amplifiers are shown at right 
and these drive the headphones via RLC filters (for stability) and a 6.35mm jack socket. The linear regulated power 
supply is at lower left and this derives regulated +12V rails from a 12V AC plugpack. 
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a THD+N vs Frequency, 100mW, 20Hz-80kHz Bandwidth 


; THD+N vs Frequency, 100mW, 20Hz-22kHz Bandwidth 
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Total Harmonic Distortion + Noise (%) 


Total Harmonic Distortion + Noise (%) 


50 100 200 5k Te 20k 
Frequency (Hz) 
Fig.3: total harmonic noise and distortion (THD+N) vs 
frequency for four typical load impedances. The slight 
increase in distortion above 3kHz for a 600Q load is due to 
slew rate limiting. 


Frequency Response, 100mW 
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Fig.5: the frequency response for typical loads. The low- 

end —3dB point is around 3Hz, while the high-frequency 

response is defined by the output filter and so varies with 

load impedance. This results in a slight treble boost for 

loads of 16Q and above. 
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Fig.4: THD+N but with a 22kHz upper bandwidth limit. 
This gives more accurate figures for low frequencies but 
also eliminates high-frequency signal harmonics, hence the 
artificial drop in distortion above 7kHz. 


FA Channel Separation vs Frequency, 100mW 
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Fig.6: channel separation versus frequency. Most of the 

crosstalk that occurs is due to shared ground paths; it is 

resistive and so constant with frequency but varies with 

load impedance. Above 5kHz, some additional capacitive 

and inductive crosstalk is apparent. 


there is so much gain available in the 
preamps, the power amplifiers operate 
at unity gain (ie, -1). This improves 
the noise performance and maximises 
the feedback factor, keeping distortion 
exceedingly low — even with run-of- 
the-mill output transistors. 

Because the headphone connector is 
a jack socket, the outputs can be briefly 
short circuited ifthe plug is inserted or 
removed during operation. As a result, 
the design incorporates short-circuit 
protection to prevent any damage. 

Our noise and distortion figures are 
quoted at 100mW for 8-32Q and 25mW 
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for 600Q. With efficient headphones, 
this is enough to generate very high 
sound levels. For most headphones, 
a typical listening level is 0.5-5mW. 


Common-mode distortion 

By lowering the gain, we get a higher 
feedback factor (which is good) but 
we also increase the possibility of 
common-mode distortion. This can 
reduce the effectiveness of a high 
feedback factor so that the distortion 
reduction (due to the feedback) is 
not as much as would otherwise be 
the case. 


While the differential input volt- 
age (ie, the voltage between the two 
inputs) of an amplifier operating in 
closed-loop mode is very small, both 
input voltages can still have large 
swings, especially when the ampli- 
fier is being driven hard. This is the 
‘common-mode’ signal, ie, the signal 
common to both inputs. 

For a non-inverting amplifier, the 
common-mode voltage is the output 
voltage swing divided by the closed- 
loop gain. So with unity gain, the 
common-mode signal amplitude is the 
same as the output signal amplitude, 
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which for our amplifier can be nearly 
20V peak-to-peak. Typically, ifthe com- 
mon-mode signal exceeds 1-2V RMS, 
common-mode distortion can become 
the dominant distortion mechanism, 
marring its performance. 

This is due to ‘Early effect’ in the 
input transistors (named after James 
Early of Fairchild Semiconductor). This 
is caused by the effective width of the 
transistor base junction varying with 
its collector-base voltage (see http:// 
en.wikipedia.org/wiki/Early_effect). 

Ifthe common-mode voltage is large 
enough, the result is modulation of the 
input transistors’ beta and this reduces 
the overall linearity of the amplifier. 
These non-linearities cannot be cor- 
rected by negative feedback since they 
occur in the input stage. 

The solution is to use an inverting 
amplifier, as we have in this case. Its 
non-inverting input is connected to 
ground and so the inverting input is 
held at ‘virtual ground’ too, regardless 
of the output voltage. This configura- 
tion has so little common-mode volt- 
age that it can’t suffer from common- 
mode distortion. To make a power 
amplifier inverting, we rearrange the 
feedback network in the same manner 
as we would with an op amp. In fact, 
common-mode distortion in op amps 
can be reduced using the same method. 

The main disadvantage of the in- 
verting configuration is that the input 
impedance is low, as determined by the 
resistor from the signal source to the 
inverting input. For good noise perfor- 
mance, its value must be low (minimis- 
ing its Johnson-Nyquist thermal noise). 
In this case, the preamplifiers provide 
the amplifiers with a low source imped- 
ance, so it isn’t a problem. 


No driver transistors 

This design uses 2-pole frequency 
compensation. As a result, the head- 
phone amplifier has particularly low 
distortion at high frequencies. 

In this amplifier, the two output 
transistors are driven directly from 
the voltage amplification stage, with 
no driver transistors in between. In 
this case, the output current is quite 
small due to the relatively low power, 
so we can get away without the driver 
stage as long as the output transistors 
have a good beta figure. 

Here, we are using readily available 
TIP31 (NPN) and TIP32 (PNP) transis- 
tors, rated at 3A, 40W each; more than 
enough for our needs. They have an 
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excellent beta for a power transistor, 
around 200 for 100mA at 25°C. 


How it works 

Let’s start with the preamp stages and 
since both channels are identical, we 
will just describe the left channel. 
Any RF signals picked up by the input 
leads are attenuated by a low-pass filter 
consisting of a ferrite bead, a 100Q 
resistor and a 100pF capacitor. The fer- 
rite bead acts like an inductor to block 
RF. The signal is then coupled via a 
470nF capacitor to pin 3 of op amp 
IC1a which is configured as a voltage 
follower. This provides a low source 
impedance to the preamp gain stages 
comprising IC2a and IC2b. 

IC1a’s output is fed to the following 
stage via a 220pF electrolytic capaci- 
tor. This large value ensures good bass 
response and avoids any distortion 
that may arise from the typical non- 
linearity of an electrolytic capacitor. 

The signal passes to the non-invert- 
ing input of IC2a (pin 3) via volume 
control potentiometer VR1 anda 22pF 
electrolytic capacitor. This capacitor 
ensures there is no DC flowing through 
VR1, which would otherwise cause a 
crackling noise when it is rotated. 

1C2a buffers the voltage at the wiper 
of VR1 to provide a low impedance for 
inverting amplifier IC2b. IC2b has a 
fixed gain of 14.7, set by the 10kQ and 
680Q resistors. The 100pF feedback 
capacitor improves circuit stability 
and reduces high-frequency noise. 

Volume potentiometer VR1 is part 
of the feedback network from the 
output from IC2b to the input at the 
220pF capacitor (from pin 1 of IC1a). 
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Hence IC2a and IC2b form a feedback 
pair with the overall gain adjustable 
by VR1. 

When VR1 is rotated fully anti- 
clockwise, IC2b’s output is connected 
directly to VR1b’s wiper. Thus IC2b 
is able to fully cancel the input signal 
(as there is zero impedance from its 
output to the wiper) and the result 
is silence (no output signal) from the 
preamplifier. 

Conversely, when VR1 is fully 
clockwise, VR1b’s wiper is connected 
directly to the input signal, which 
is then amplified by the maximum 
amount (14.7 times) by IC2b. At in- 
termediate settings, the signal at the 
wiper is partially cancelled by the 
mixing of the non-inverted (input) 
and inverted (output) signals and the 
resulting gain is intermediate. 

The way in which this cancellation 
progresses as VR1 is varied provides a 
quasi-log law gain curve. 


IC1 needs input protection 
Because the headphone amplifier may 
be turned off when input signals are 
present, IC1’s input transistors can be 
subjected to relatively high voltages; up 
to 2.5V RMS or maybe 7V peak-to-peak. 
This will not damage IC1 immediately, 
but over many years, it could degrade 
the performance. This is because nor- 
mally very little current flows through 
the op amp inputs and so the metal 
traces within the IC are thin. If enough 
current passes through the inputs (5mA 
or more), ‘metal migration’ can cause 
degradation and ultimately failure. 
For that reason we have included 
small-signal Schottky diodes D15 
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Parts List: Hi-Fi Stereo Meadphone Amplifier 


1 PCB, available from the EPE 
PCB Service, code 01309111, 
198 x 98mm 

1 1U half rack case (optional) 

1 12V AC 1A or 2A plugpack 

1 10kQ dual gang linear 16mm 
potentiometer (VR1) 

2 500© sealed horizontal trimpots 
(VR2, VR3) 

1 PCB-mount white switched RCA 
socket (CON1) 

1 PCB-mount red switched RCA 
socket (CON2) 

1 PCB-mount DC socket (CONS) 
1 PCB-mount 6.35mm stereo jack 
socket (8PST) with extended 

pins (CON4) 

1 PCB-mount right-angle SPDT 
mini toggle switch (S1) 

2 M205 PCB-mount fuse clips (F1) 

1 M205 1A fast-blow fuse (F1)* 

6 PCB-mount 6021-type flag 
heatsinks (Element14 Order 
Code 1624531) 

8 TO-220 insulating washers 

6 TO-220 insulating bushes 

2 plastic former bobbins 

1 2m length 0.8mm diameter 
enamelled copper wire 

1 25mm length 25mm diameter 
heatshrink tubing 

6 PCB pins 

4 M8 x 15mm machine screws 

6 M3 x 10mm machine screws 

10 M3 nuts 

18 M3 flat washers 


and D16 to protect pin 3 of [Cla 
(and D17 and D18 for pin 5 of IC1b) 
when the unit is switched off but a 
large signal is applied. They clamp 
the voltage at that input to within 
+0.3V of the supply rails under 
normal conditions, preventing cur- 
rent flow through the op amp input 
transistors should their junctions be 
reverse-biased. 

So, if the unit is off and the supply 
rails are zero, the input voltages will 
be similarly limited to +0.3V. 

The BAT42 diodes have been care- 
fully selected to clamp the op amp 
input voltages appropriately without 
having so much leakage current that 
they will introduce distortion into 
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4 M3 nylon nuts with integral 
washers or M3 nylon nuts and 
washers 

1 35 x 15mm section of tin-plated 
steel (eg, cut from a tin can lid) 

1 3mm black plastic LED clip 

1 knob to suit VR1 

3 8-pin DIL sockets (optional) 

2 small ferrite beads 

1 250mm length 0.7mm diameter 
tinned copper wire 


Semiconductors 

3 LM833 dual low noise op amps 
(IC1-IC3) 

1 7812 positive 12V linear 
regulator (REG1) 

1 7912 negative 12V linear 
regulator (REG2) 

2 TIP31 3A NPN transistors 
(Q11, Q23) 

2 TIP32 3A PNP transistors 
(Q12, Q24) 

2 BD139 1.5A NPN transistors 
(Q10, Q22) 

2 BC328 PNP transistors 
(Q25, Q26) 

2 BC338 NPN transistors (Q9, Q21) 

6 BC549 NPN transistors (Q3-Q4, 
Q8, Q15-Q16, Q20) 

10 BC559 PNP transistors (Q1-Q2, 
Q5-Q7, Q13-Q14, Q17-Q19) 

1 3mm blue LED (LED1) 

14 1N4004 1A diodes (D1-14) 

4 BAT42 Schottky diodes (D15- 
D18) (or use BAT85) 


the signal (Schottky diodes normally 
have a much higher reverse leakage 
current than standard silicon diodes). 
For more information on protecting op 
amp inputs, see Analog Devices, tuto- 
rial MT-036, Op Amp Output Phase- 
Reversal and Input Over-Voltage 
Protection. 

We also tested BAT85 diodes. These 
have slightly higher capacitance when 
reverse-biased (10pF compared to 
7pF) and a significantly higher reverse 
leakage current (400nA at —15V/25°C 
compared to 75nA). However, test- 
ing shows no measurable increase in 
distortion with these in place of the 
BAT42s, so they are an acceptable 
substitute. 


Capacitors 

2 2200pF 25V electrolytic* 
11 220,F 25V electrolytic** 
4 47,F 16V electrolytic** 

2 22uF 16V electrolytic** 

2 470nF MKT 

2 150nF MKT 

7 100nF MKT 

3 10nF MKT 

2 680pF COG/NPO ceramic 
2 220pF COG/NPO ceramic 
4 100pF COG/NPO ceramic 


Resistors (0.25W, 1%) 

4 100kQ 2 6802 

1 30kQ 2 2200 

3 22kQ 6 100Q 

8 10kQ 4 680 

10 2.2kQ 2 479 

4 1.8kQ 2 430 

2 1.1kQ 4 220 

1 1kQ 6 10Q 

29100 8 1.2Q (1% or 5%) 


Notes 

* For driving speakers, upgrade 
the plugpack to 12V AC 2A, 
the fuse to 2A and the power 
supply capacitors to 4700pF 25V 
(diameter <16mm, height <30mm, 
eg, Futurlec C4700U25E105C). 

** Low ESR 105° types can be used 
if their diameter is no more than 
6.3mm for 22nF/47pF and 8mm 
for 220pF. 


Amplifier circuit 

Low-noise PNP transistors Q1 and Q2 
are the differential input pair, with the 
base of Q1 being the non-inverting 
input to the amplifier and the base of 
Q2 being the inverting input. Q1’s base 
is tied to ground by a 9109 resistor (to 
match the 900Q source impedance at 
the base of Q2) and is bypassed by 
a 100nF capacitor to reduce high- 
frequency noise. 

The signal from the preamplifier 
is fed to the base of Q2 via a 1.8kQ 
feedback resistor, so that the amplifier 
works in the inverting mode. 1.8kQ is 
the lowest value resistance that IC2b 
can drive in parallel with its own 
feedback network. 
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PNP transistor Q5 operates as a 
3mA constant-current source (0.65V 
+ 220Q) to feed the Q1/Q2 input 
pair. Negative feedback for current 
regulation is provided by another PNP 
transistor, ie, Q6. It has a bootstrapped 
collector current sink (two 10kQ resis- 
tors and a 47pF capacitor), so that it 
operates consistently. 

NPN transistors Q3 and Q4 form a 
current mirror for the input pair, with 
68Q emitter resistors to improve its ac- 
curacy. Any difference in the current 
through Q1 and Q2 must then flow to 
the base of NPN transistor Q8. So Q1- 
Q5 form the transconductance stage 
of the amplifier. 

Together, Q8 and Q9 form a Dar- 
lington-like transistor, configured as 
a common-emitter amplifier. PNP 
transistor Q7 acts as a constant-current 
source for its collector load, sourcing 
about 15mA (0.65V + 43Q). Q6 pro- 
vides current regulation feedback for 
Q7 as well as Q5. 

The 680pF and 220pF capacitors 
between Q9’s collector and Q8’s base, 
together with the 2.2kQ resistor from 
their junction to the negative rail, form 
the 2-pole frequency compensation 
scheme mentioned earlier. Together, 
transistors Q7-Q9 are the voltage am- 
plification stage. 


Vee multiplier 

Between Q7 and Q9 is Q10, which 
functions as a Vpr multiplier to set the 
quiescent current for output transistors 


This view shows the fully assembled PCB. There’s 
no other wiring — you just assemble the board and 
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Q11 and Q12. Q10 is mounted 
on the back of Q11’s heatsink 

so that its junction temperature tracks 
the output stage. Thus, its Vpr tracks 
that of the output transistors (Q11 
and Q12), so the bias voltage varies 
to compensate for changing output 
transistor temperature, keeping the 
standing current through them more 
or less constant. 

VR2 is used to adjust this current, 
while the 2.2kQ resistor prevents the 
bias from becoming excessive if VR2’s 
wiper goes open circuit, as it may do 
while it is being trimmed. A 47pF 
capacitor filters the bias voltage, im- 
proving distortion performance when 
the output voltage swing is large. 

The resulting bias voltage is applied 
between the bases of output transis- 
tors Q11 (NPN) and Q12 (PNP) via 
22Q stopper resistors, which prevent 
parasitic oscillation. Each output 
transistor has a 0.6Q emitter resistor 
(two 1.2Q resistors in parallel) which 
helps to linearise the output stage and 
stabilise the quiescent current. 


Current limiting 
While it’s always a good idea to plug 
and unplug the headphones while the 
power switch is off, we can’t rely on 
that and we don’t want the output trans- 
istors to blow when it happens. There- 
fore, both Q11 and Q12 are protected 
against over-current conditions. 

Q11 is current-limited because 
the 15mA current source (Q7) sets a 
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maximum limit for its base current. 
According to the TIP31 data sheet, at 
25-125°C, the maximum collector cur- 
rent will be about 1.25A; well within 
its safe operating area (SOA) as long 
as the short-circuit is brief. 

Q12 is more of a concern because 
Q9 can sink significantly more than 
15mA. The 10kQ resistor at Q8’s col- 
lector ultimately limits how much 
current Q9 can sink as follows. Q8’s 
maximum collector current is around 
(12V —0.7V) = (10kQ + 2.2kQ) = 1mA. 
Q9’s maximum current gain figure is 
around 165 (according to the BC338 
data sheet), so the maximum Q9 can 
sink is about 165mA. Hence Q9 is a 
BC338 (a BC549 has a continuous col- 
lector current limit of 100mA). 

However, if this much current were 
sunk from Q12’s base then it would 
fully saturate (turn on hard), exceeding 
its SOA and possibly causing it to fail. 
Q25 and D7 prevents this. Should the 
current flow through Q12’s collector- 
emitter junction exceed 2A (within its 
SOA), the drop across the 0.6Q emitter 
resistor exceeds 2A x 0.60 = 1.2V. 

Atthis point, Q25’s base-emitter volt- 
age increases beyond 1.2V—0.6V =0.6V 
and so Q25 starts to turn on, shunting 
current around Q12’s base-emitter junc- 
tion and preventing Q12 from turning 
on harder. Any current sunk by Q9 
beyond that necessary for Q12 to pass 
2A goes through D7 and Q25 rather than 
Q12’s base-emitter junction. 
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Output RLC filter 

The output filter isolates the ampli- 
fier from its load, improving stabil- 
ity. Because this amplifier circuit 
is already fairly stable (thanks to 
its simple output stage), we can get 
away with slightly less inductance 
than usual (4.7pH rather than 6.8nH 
or 10pH). We can thus use a thinner 
gauge wire, which is slightly easier 
to wind, for roughly the same DC 
resistance. 

Ideally, the output filter should 
be optimised for the expected load 
impedance, but because headphones 
have such a wide range of imped- 
ances, all we can do is compromise 
and specify an intermediate value. 
As a result, for higher impedances, 
the amplifier has a slightly elevated 
response at above 20kHz (see Fig.5). 

For 8Q operation, there is a very 
slight roll-off at the high-frequency 
end of —0.02dB at 20kHz. At around 
10-12Q, the high frequency response 
will be virtually flat and then for 
higher load impedances, up to infin- 
ity, the gain is as much as +0.13dB 
at 20kHz. The increase is slightly 
lower (+0.09dB) for the most com- 
mon impedances of 16Q and 32Q. 
This deviation is so small as to be 
imperceptible. 

In fact, all our amplifier designs 
using this type of output RLC filter 
(devised by Neville Thiele) have such 
a response with higher than usual 
output impedances or no load. 


Power supply 

The 12V AC plugpack plugs into an 
on-board DC connector (CON3). A1A 
fuse protects the plugpack in case of a 
board fault or overload. 

The power switch (S1) is in the 
ground leg so that the tracks to and 
from it (near the edge of the PCB) have 
minimal AC voltage. This eliminates 
electrostatic radiation, preventing any 
coupling to nearby signal tracks. 

The incoming AC is half-wave recti- 
fied by diodes D1 and D2, with three 
10nF metal film capacitors for RF and 
switching suppression. The resulting 
+16V rails (nominal; under light load, 
closer to 20V) are regulated to +12V 
using 3-terminal regulators REG1 and 
REG2. 

So why are we regulating the supply 
for the whole device rather than just 
the op amps? Essentially, it is because 
the amplifiers draw so little power 
when driving headphones that they 
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Fig.8: the green trace in this scope grab shows the distortion residual for 100mW 
into 32Q at 20kHz. Most of this is actually noise with very little harmonic content. 
Into lower load impedances (eg, 8Q) the distortion becomes more apparent and is 
primarily third harmonic, with some higher harmonics. 


might as well run off the regulated 
rails. In addition, the unregulated sup- 
ply ripple is 50Hz because of the half- 
wave rectifiers (rather than 100Hz). 
The regulated supply rails give a lower 
hum and noise figure. 


Switch-on/off behaviour 

The circuit has been carefully designed 
to avoid loud thumps from the head- 
phones when the unit is switched on 
or off. With a power amplifier, this is 
usually taken care of with an output 
muting relay that is also used for 
speaker protection. Since this ampli- 
fier has a low power output and a 
limited output current, a protection 
relay isn’t necessary. 

That is not say that you won’t hear 
any thumps at all. That will depend, 
in part, on the efficiency of your head- 
phones. However, any thumps you do 
hear will be very slight. 

This has partly been achieved by 
removing the capacitor which would 
typically be between Q5’s base and 
the positive rail. This is not neces- 
sary with a regulated supply and if 
present, it delays the operation of the 
constant-current source controlled by 
Q5 by several hundred milliseconds at 
switch-on. This would have caused a 


loud thump from the headphones had 
it been retained. 

Diodes D11 and D12 (D13 and D14 
in the right channel) are also impor- 
tant for proper switch-on behaviour. 
While the +12V regulated rails are 
already protected to prevent the 
positive rail from going negative and 
vice versa, the RC filtered supply 
rails for the early amplifier stages 
can still suffer from this problem 
unless extra steps are taken. That’s 
because the filter resistors isolate 
the capacitors from the clamp diodes 
D4 and D6. 

Without D11 and D12, the positive 
filtered rail could be briefly pulled 
negative and this would cause an 
amplifier output excursion. 

The different positive and nega- 
tive rail filter resistors (10Q and 470 
respectively) allow the positive rail 
to come up more quickly, which also 
helps achieve a clean switch-on. 
Together, these details allow the am- 
plifiers to operate normally just mil- 
liseconds after both filter capacitors 
are partially charged. 

Similarly, diodes D9 and D10 
clamp the RC-filtered supply for the 
op amps in the preamplifier. Without 
these, the op amp input transistors 
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may become briefly reverse-biased 
at switch on, causing supply current 
to flow into the AC-coupling capaci- 
tors and again causing a thump to be 
generated. 

Finally, the 1kQ resistor in paral- 
lel with D10 discharges the op amp 
negative supply rail faster than the 
positive rail when power is removed. 
The op amps are prone to oscillation 
when their supply capacitor is mostly 
discharged and this can cause a ‘chirp’ 
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at switch-off. With the 1kQ discharge 
resistor, this chirp is made very short 
and often eliminated entirely. 


Increasing the output power 
While the circuit as presented is ca- 
pable of driving loudspeakers, a few 
small changes can usefully increase 
the power output. If the 2200p F filter 
capacitors are changed to 4700pF, it 
increases the current they can supply 
before regulator drop-out begins. 


USB POWERED with both LabView and Tel 
interface with many powerful features 


65dB Calibrated LINEAR RANGE (+10dBm to -55dBm) 
just add a 40dB fixed attenuator for -95dB range 


Don't lag around 50 pound units when this unit 


will do what you need for under 1 pound 
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A half-size 1-unit steel case is 
used to house the assembled 
Headphone Amplifier PCB. 
Part 2 next month has all the 
construction and setting-up 
details. 


Also, a 12V AC 2A plugpack can 
be used in combination with a higher 
rated 2A fuse. This increases the avail- 
able output power a little more. The 
THD+N vs power graph (Fig.7) shows 
the performance when both modifica- 
tions are incorporated. 


Next month 

Next month, we will present the 
construction details and describe the 
setting-up procedure. 


Amateur radio and HAM operators 


Mention this Advertisement and we will 
include a FREE USB cable’and RF Semi-rigid. 


Email: Robert@rf-consultant.com for details 
and specifications 


More Options at www.rf-consultant.com 
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you wow't believe how good they sound... 
and your frienals won't believe you built them! 


Spenker 
System 


This low-cost speaker system 
uses a single 4-inch driver to 
give surprisingly good bass 
and treble response. It is quite 
efficient and only needs a 


low power amplifier to give 


excellent sound levels. 


his speaker system turns heads, 

i not only because it looks quite 

different from the speaker sys- 

tems you may be used to, but more 

importantly because it sounds so 
impressive. 

It does not use bulky and expensive 
eight, ten or twelve-inch drivers and 
there are no tweeters or crossovers. 

Instead, the single driver in each 
box is a four-inch model, which costs 
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as little as £15.00. Add some pieces 
cut from a sheet of plywood, which 
costs perhaps £40, some glue and a 
few hours of construction time and 
you'll have a speaker system which 
easily competes with much-higher- 
priced commercial units on the market 


By Allan Linton-Smith 
and Ross Tester 


today. And yes, we know that there 
are quite a number of tower and mini- 
tower speakers on the market right 
now, many with multiple drivers and 
all sorts of claims. Quite simply, we 
believe these are better than anything 
we've heard recently at anything like 
the price! 

The secret to such a high-performing 
speaker is in the design of the cabinet. 
Unlike the simple bass-reflex or other 
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ported designs you're used to, these 
are actually rear-loaded horns. They 
look difficult to build, but providing 
you’re accurate with your woodwork 
(or you use someone who is!) they are 
surprisingly simple to put together. 


The drivers 

You have a choice of 4-inch drivers for 
this design. The cabinets are perfectly 
matched to — and in fact were origi- 
nally specifically designed for the high- 
performing Fostex FE103EN models. 

But we tried a couple of other driv- 
ers: the Altronics C0626 and Jaycar 
CS-2310 models, which are signifi- 
cantly cheaper than the Fostex. And 
while they might not perform quite to 
the level of the Fostex drivers, most 
people would be very happy with the 
cheaper approach. 

Having said that, several of our col- 
leagues commented that they thought 
enclosures fitted with the Altronics 
drivers actually sounded the best! 

While the Fostex is a single-cone 
driver, the Altronics C0626 is a twin- 
cone model and the Jaycar is a coaxial 
unit with separate miniature tweeter 
fed by a bipolar electrolytic capacitor. 

The first two speakers have the ad- 
vantage of simplicity and there is no 
problem with phase shift in a crosso- 
ver network, albeit even the simple 
crossover capacitor of the Jaycar unit. 

All three drivers have the advan- 
tage of using a single driver with its 
phase coherency over a wide range of 
frequencies. This helps in the realistic 
reproduction of voice, instruments or 
complex orchestration and in accurate 
sound staging or positioning of each 
instrument. 

Just a note about the Jaycar CS-2310; 
it’s intended as a car speaker and its 
nominal impedance is 4Q, so you 
will need to make sure your ampli- 
fier can handle this low impedance 
(fortunately, these days, most can). 
The Fostex and Altronics drivers are 
both 8Q. 


So which to choose? 

If you’re looking for ‘most bang for 
your buck’ the Altronics would be a 
good choice because they are the most 
efficient (95dB/W @ 1m) vs 89dB for 
the Fostex and 83dB for the Jaycar 
unit. Offsetting that lower efficiency 
is the fact that the Jaycar driver will 
actually receive twice as much power 
as the other two (because it has halfthe 
impedance) for a given volume setting 
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from the amplifier. This will mean 
that the difference in efficiency will 
be less apparent than the raw figures 
might indicate. 

The Altronics and Jaycars are simi- 
larly priced, at about £25 a pair for the 
Altronics vs £15 for the Jaycars, but 
you'll pay much more for the Fostex 
drivers. You can compare the three 
drivers in the spec table below. 


The cabinet design 

The enclosure design for this speaker 
(which you can download at www. 
fostexinternational.com/docs/speak- 
er_components/pdf/FE103En.pdf) can 
be regarded as a cross between a bass 
reflex vented enclosure and a horn- 
loaded enclosure. Horn loading can 
be thought of as an efficient means of 
coupling between the relatively heavy 
mass of the speaker to the much lighter 
mass of air. 

Horns have been used for a very 
long time. For example, they have 
been used for centuries in musical 
instruments and as megaphones — the 
very first horn speaker. And of course, 


early wireless sets and gramophones 
used a horn-loaded speaker. In all of 
these early examples, efficiency was 
paramount. 

The tower speaker we are using 
here uses the 4-inch driver as a direct 
radiator for the upper frequencies and 
a horn radiator for the lower frequen- 
cies. The internal construction of the 
tower is actually a folded horn with 
each section being longer and larger 
in cross-section, to approximate the 
exponential taper of an ideal horn. 

While efficiency is a big advantage 
of a horn speaker system, they do not 
necessarily result in the smoothest bass 
response. However, in our case where 
we are using tiny drivers, we get amuch 
more extended bass response than 
could normally be expected with their 
relatively high free-air cone resonances. 

Anyone who is reasonably compe- 
tent in woodworking and has a selec- 
tion of suitable tools should be capable 
of putting these cabinets together. 

In fact, we think these speakers 
would make an excellent ‘project of 
choice’ for many students doing craft, 


Manufacturer’s specifications oes pizenies nen lee 
n C0626 CS-2310 
Price per pair (£ approx) 100 25) il) 
Voice coil dia (mm) 20 - - 
Impedance (ohms) 8 8 4 
SPL (dB/W@1m) 89 95 83 
Rated input (W) 5 to 15 8to 15 ills) 
Magnet ferrite ferrite ferrite 
Magnet wt (grams) 193 - - 
Net wt (grams) 580 - - 
Baffle hole dia (mm) 3) 93 93 
Cone area (sq m) 0.005 - - 
Re (ohms) WED) - - 
Free air resonance (Hz) 83 120 122 
VC inductance (mH) 0.0398 - - 
Qms 2.747 - 4.28 
Qes 0.377 - 1.88 
Qts Ors - Hess 
Mms 2.559 - - 
Vas (Litres) iS - Sell 
Xmax mm 0.6 - - 
Frequency response 83-22kHz 120-20kHz 90-18kHz 
Measured response 
Frequency response +5dB 60-15kHz 70-15kHz - 
Distortion (THD+N) [1kHz 90dB] 0.45% 0.65% - 
Sound pressure level 1kKHz 1watt/1m (dB) 92.65 89.97 - 


The enclosures are designed for the Fostex FE103En drivers, but we’ve found the 
much-cheaper Altronics C0626 or Jaycar CS-2310 do an admirable job as well: in 
fact, some of our staff members commented they sound better! 
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~|50|  #: ALL 150mm WIDE (+SAW cun) 
29 

le 375 x 150 
ey 375 x 150 


(2) 380 x 150 
(2) 380 x 150 


810 x 150 6) 385 x 150 


technology or design courses: do the A A 
cutting, assembly and finishing in the 
woodwork room, mount the speakers 
and wire them in the technology or 
electronics classes —and best ofall, they 
won't break the bank. And after they 


re) 
x< 
Oo 
$s @5) 
earn top marks, they’d have speakers 
mum and dad would be proud to put 
in the lounge! = = 
oO x: <- 
Plywood is a must! . @) | (11) 


The pieces for both boxes can be cut 
from one and a half sheets of 15mm 
plywood (1220 x 2440mm and 1220 
x 1220mm). In fact, with care you’ll 
get all bar one small piece (no.7) from 
one sheet. See Fig.1, it shows how the 
pieces are cut — the first cut needs to 
be made where shown. 

The missing piece, (235 x 150mm), 
could even be cut from scrap because 
it is internal and won’t be seen. ‘inno iiknniccihh ; 

Note that this cutting diagram does (7) : (6) 385 x 150 
assume an ‘imperial’ size sheet; some H 
suppliers have taken to making their 235 x 150 onl OO 190° —= 


340 x 150 


Os | 


QE) 


<1 00> 


810 x 150 


@ |@ 


sheets 2400 x 1200 — this size is not ee i 
quite large enough as it cannot make 4 H 
allowance for the saw cuts. Your sup- i PIECE REQUIRED | 
plier should be able to advise you of 
the exact size of their sheets. If they 
are 2400 x 1200, then you'll definitely 
need a second (half) sheet. 

We used good quality Aspen Birch 
veneer because of its fine grain and 
appearance, but you can choose the 
finish to match your decor. You could 
use plain plywood, sand it smooth and 
paint or stain it to your tastes. 

Note that we DO NOT recommend 
the more commonly available MDF 
because it is 16mm thick — the extra @) (15) 
1mm will decrease the width of the 
‘horn’ by a cumulative 6mm and will 


840 x 405 
840 x 405 


drastically affect performance. All dimensions shown 
You will note from the photos and are finished sizes 
diagrams that the horns are built up by — allow for saw cut 


layers of plywood pieces. It is absolutely thickness! 
vital that these pieces are very accu- 
rately cut to size. If you don’t have either 
the equipment or the skills to cut to 
close tolerances (to the millimetre!) we 
suggest you approach a local kitchen 
cabinet maker — most will do it for a 
reasonable cost; indeed, many will be 


840 x 405 
840 x 405 


S) 
S) 


Fig.1: it’s a tight fit, but all except one 
piece (one of the ‘7s’) can be cut from a 


sheet of 1220 x 2440 x 15mm ply. This 
assumes a saw cut thickness of 2.5mm, 400 x 150 


about normal for a kitchen cupboard 
maker. Note where the first and second 
cuts are made. The lemon coloured 


pieces are for box 1, pink for box 2. (5) 400 x 150 
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Constructional 


400. 


Fig.2: looking down on the right side, without the side panels, here’s how all the 
pieces glue together to form the loaded horn. The photographs later in this article 


will help explain how it all goes together. 


able to supply the veneered plywood 
as well. Just don’t let them talk you 
into MDF (a lot of kitchen cabinets 
are made from that stuff these days!). 

Incidentally, we investigated a ma- 
jor hardware chain offering a cutting 
service and found them unacceptable 


for two reasons: first, they guaranteed a 
tolerance of no better than 5mm — use- 
less as far as this project was concerned 
and second, they only had ‘construc- 
tion grade’ 15mm ply. 

Now that would be OK if you only 
wanted a painted surface, but even 
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Fig.3: and here’s the front-on view with 
the side panels fitted. Piece 13 is actually 
the rear panel. 


then, a fair amount of sanding and 
finishing would be required. Also, they 
only had full ‘metric’ sheets (2400 x 
1200mm) in stock and, as expected, 
they tried to talk us into MDF, which 
did come in half sheets! It may be that 
in time, some of the kit suppliers will 
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- Frequency Response, C0626 In Cabinet 
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Frequency (Hz) 
Fig.4: frequency response plots of the Altronics drivers in the 
horn-loaded cabinet. The red trace is the on-axis flat response 
and the blue trace shows the output from the mouth of the 
horn section. 
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Fig.5: impedance curves of the Altronics and Fostex drivers, 
with multiple peaks resulting from the horn loading. This is 
partly a result of the much higher loading to the rear of the 
driver’s cone. 
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Fig.6: harmonic distortion of the Altronics and Fostex drivers. 
Note that the distortion of both drivers is quite low over much 
of the audible range but rises at the low end, partly as result 
of the horn loading. 
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produce a full kit of parts — keep an eye on their advertise- 
ments. 


The amplifier 

Another feature of these speakers is their ability to han- 
dle a range of amplifiers. While they’re ideally suited to 
lower-power amplifiers (again, that school project market 
springs to mind), they can handle more, with sound output 
to match. All three speaker drivers mentioned above are 
rated at 15W maximum input, so you certainly cannotrun 
them flat out from a high power amplifier. 

We’ve run them from amplifiers as low as 5W output (eg, 
The Champion from January 2014) and we’ve run them 
(judiciously!) from the much higher power amplifiers. 

However, even running from The Champion they cer- 
tainly filled our large warehouse with sound! 


Performance 

We tried these with all three speaker drivers mentioned 
above. As you might expect, the Fostex drivers gave the 
best bass response — but you do pay for it! The others were 
surprisingly beefy! 

Fig.4 shows two frequency response plots of the Altronics 
drivers in the horn-loaded cabinet. The red trace was taken 
with the microphone on axis and very close to the tweeter 
cone of the driver, and it shows a reasonably flat response to 
10kHz and rising to a peak at around 18kHz. The blue trace 
was taken with a microphone adjacent to the horn section 
and it measures the augmenting effect of the horn loading. 

As you can see, the response is quite well maintained 
to below 60Hz (quite similar to the much more expensive 
Fostex drivers). Generally speaking, at distances of over 
2m, the response will be a combination of the two cuves. 

Fig.5 shows the impedance curves of the Altronics and 
Fostex drivers. These are quite different to the equivalent 
curves you would see with the drivers in a bass reflex 
enclosure, which normally shows two impedance peaks 
in the low frequency region. The horn loading results in 
multiple peaks and this is partly a result of the much higher 
loading to the rear of the driver’s cone. It also results in 
better bass, as shown by Fig.4. 

Fig.6 shows the harmonic distortion of the Altronics and 
Fostex drivers and again the cheaper Altronics driver gives 
a good account of itself. Note that the distortion is quite low 
over much of the audible range, but rises at the low end, 
partly as aresult of the horn loading and also the fact that the 
fundamental output drops markedly at very low frequencies. 


Building the speakers 

We have simplified each step so you shouldn’t have any 
problems. Build one speaker box at a time — otherwise mis- 
takes are much more likely. Do not rush things and make 
sure you understand each step before diving in! 

Again, we must emphasise the need for very good accu- 
racy in cutting out the panels. Using a hand-held saw of any 
description will usually result in errors and out-of-square 
cuts which will inevitably lead to air leaks or malfitting 
panels. The panels are butt-glued, so ‘squareness is next to 
godliness!’ To that end, wipe up any glue excess as you go. 

And to ensure perfect alignment, the enclosures need to 
be assembled on a completely flat surface — a work bench 
is fine if it is flat and stable; otherwise, use a (say) concrete 
floor with some single newspaper sheets spread on it. 
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Assembling the cabinets 


Step i We are assuming you already have all your pieces accurately cut out. Number each piece as shown on the diagram — use 
‘Post-It Notes’ or similar to avoid leaving glue — in any case, stick them to the ‘bad’ side of the plywood (ie, not the face side). 


Step ii Using the diagram (Fig.2) as a guide, on one of the side panels (piece 1) use a pencil on the ‘bad’ side to mark out where all 
the pieces are going to go. 


Step iii Take pieces 2 and 3 and first check their dimensions to make sure you have the right ones — we’re about to glue them together 
and once stuck, you won’t be able to get them apart. Use two or three small nails or panel pins to tack them together, then prise 
them apart without bending the nails and run a 3mm bead of glue* along the join. Push the nails back into the holes and gently 
tap them with a hammer until you are happy with the fit. Wipe off any excess glue with a damp rag. 

If for some reason they haven’t ended up where they should, light tapping with the hammer should get them right. You have about 10 
minutes to move things around before the glue sets. 

Clamps or a vice should be used to hold the pieces together to give a really good bond — the glued pieces should be ready to remove 
after about half an hour. 

Take the completed pieces and place them on the side panel where they will go — but don’t glue them in place just yet. 


* We used a caulking gun and ‘Parfix Maxi Nails Fast’ water-based construction adhesive, which will bond wood to just about anything. 
It’s cheap, it sets quickly (about 20 minutes) but gives up to 10 minutes or so of ‘fiddle time’ before the glue gets too tacky. This 
glue (or several other bonding adhesives) are available from most hardware outlets. NOTE: PVA wood glue is not recommended. 


Lay out all the pieces on a flat surface so you understand how Now we've glued all the pieces together and when dry, have 
they all go together. Note the identifying ‘Post-It’ Notes. then glued them in position on the left-side panel. 
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Step iv Repeat step iii for pieces 4 and 5. 
Step v Glue pieces 2 and 3, and 4 and 5, together 


Step vi Glue pieces 21, 22 and 10 together, using a square to ensure that the end is perfectly flat. Allow them to set for an hour or so, 
then glue them to the pieces you made in step v. (They glue to piece 3). 


Step vii Now glue pieces 11 and 12 together, allow to set for an hour, then glue those to the pieces in step vi (they glue to piece 10). 


Step viii Glue pieces 7, 8 and 9 together and set aside to dry. 

Step ix Fit the input (banana) binding posts to piece 13 — drill two 3.5mm holes 50mm down from the top and 25mm apart. 
Step x Now glue pieces 16, 17, 18, 19 and 20 together. 

Step xi Glue pieces 6 and 13 together, using the side panel to keep them square while they set. 

Step xii Glue pieces 13 and 14 together, again using the side panel to keep them square while they set. 

Step xiii Now glue all the pieces together from step x, to pieces 13 and 14. 


Step xiv Once all of the glue has set, you now should have everything ready to be glued to the side panel. Place all pieces accurately 
in position on the side panel. 


Here’s the completed speaker box once the glue has dried. All 
that remains is a bit of tidying up, finishing the veneer with 
your desired stain or paint and then fitting the 4-inch speaker. 


sin 


‘— 
—— 


_* 4 
; - And here it is with a clear polyurethane finish. This shot of 
Use small panel pins and clamps to hold your speakers the rear of the speaker (from the top) also shows the input 
together while the glue is setting. Any blemishes can be terminals in place. You can see how the rear panel and top 


smoothed over later. are inset 5mm from the rear edge of the side panels. 
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Step xv Glue all those pieces in place. By now you should have a pretty good idea how much glue is used so you shouldn’t have too 
much excess. If you do, don’t waste time wiping it away — remember, you only have about 10-20 minutes before the glue sets so 
you need to work fairly fast. 


Step xvi When everything is in place, take the other side panel (piece 15) and without applying any glue, place it on top of the whole 
assembly with some weights on top. If you have worked fast enough, the glue should still be wet enough so that you can move any 
pieces that need to be adjusted so they are flush with the side panel. It’s most important that the front of the cabinet is flush to the 
side because that’s the part that you see. Adjust it first, then the back if you have time (you won’t see the back!). 


Step xvii When the glue has dried, solder a 300mm length of figure-8 cable to the input terminals. Remember which is to the red and 
which is to the black (normally, stripe goes to ‘—’ or black). Hang the other end of this wire out the front speaker hole. 


Step xviii It’s time to complete the enclosure. Add a bead of glue to all the edges and place the side panel in place, adjusting it again 
so that the front is aligned to the sides. Put the weights back on and wait until it dries. 


Hopefully, you will have done it all correctly. . . now you get to do it all again with the second enclosure! 


Finishing off 

You can now carefully sand off any rough edges or dabs 
of glue, then stain, coat or paint your enclosures as you 
prefer. We simply applied a coat of clear polyurethane to 
the timber because the Aspen Birch veneer really shines 
with this treatment. 

But remember, paint hides a multitude of sins if you 
have made any ‘oopses’ along the way. 

When the cabinets are completely dry, cut two 150mm 
x 245mm pieces of cellulose wool (often sold under the 
brand-name ‘Innerbond’) and place them loosely behind 
the speaker area — but do not block the entry to the horn. 
We found that any packing in the horn reduced the bass 
by half (6dB) but the little packing behind the speaker had 
no effect on the bass. However, it did reduce the ‘hollow’ 
sound at mid frequencies, caused by standing waves and 
reflections. 

Fit the speaker drivers to the boxes, making sure you 
get the phasing (ie + and — connections) the same on both 
boxes. As a final check, briefly connect a 1.5V battery to 
the input terminals (+ to red, — to black) and watch the 
cone. Both speakers should move the same direction when 
connected the same way. 

The drivers should have some form of gasket between 
them and the woodwork to ensure a seal. We wouldn’t use 
silicone sealant —it works really well, but makes the speaker 
incredibly difficult to remove intact if you have to remove 
it for any reason. A large ‘O’ ring is ideal; at a pinch you 
could even use a large elastic band. Just make sure it seals 
all the way around as you tighten the four screws. 

If you use the Jaycar drivers, fit the grilles over the front 
of each speaker. Of course, you can buy grilles to fit the 
Altronics or Fostex speakers. Grilles are almost mandatory 
if you have young people with prying fingers around: that 
speaker height is just about perfect. 


Training the speakers 

What’s this? ‘Training speakers’? Believe it or not, all 
speaker drivers ‘straight out of the box’ are a little stiff and 
benefit from being ‘run in’. We allowed about two hours 
of continual music at reasonable volume before we were 
satisfied that ours were nice and mellow. You will certainly 
note a significant improvement over time, particularly in a 
the bass response. ae 
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OMETIMES, you need to look 

back to appreciate what you have. 
Looking over an old article in the Jan- 
uary 2004 issue of Everyday Practical 
Electronics recently, I was drawn to the 
rather dated PCB designs employed 
(looking at my own project in particu- 
lar!) and marvelled at how far we have 
come in the years between then and 
now. This wasn’t a look back to the 
days of valves and cats whiskers — we 
are talking just ten years — but a lot has 
happened in that time. Manufacturing 
has transferred to mainland China, 
and the Internet connects hobbyists to 
professional electronics manufacturers 
around the world. It makes you wonder 
what will happen in the next ten years. 


Installation 
Let’s kick off this month by installing 
EagleCAD, then take a look around 
the user interface. The installation 
program eagle-win-7.0.0.exe can be 
downloaded from the CADSoft web- 
site at www.cadsoftusa.com/down 
load-eagle. At the time of writing this 
article, the program is at version 7.0 
Before we start the installation, 
you should note that EagleCAD is a 
licensed product and it will prompt 
you during installation for a license file 
or network key. This is required if you 
have purchased EagleCAD. We will be 
using it in its freeware mode and will 
not be required to obtain any form of 
license key. (The program can also be 
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run in a freemium mode, which has a 
few more options, but reverts back to 
freeware after sixty days use. That’s 
not terribly useful for hobbyists, so 
we will ignore it.) 

Once the file has downloaded, dou- 
ble-click on it to launch the installa- 
tion process. You can click through 
the options presented, accepting the 
defaults until the ‘Eagle License’ 
dialog appears. At this point, select 
‘Run as Freeware’. The installation 
will complete and the application will 
launch automatically. You may now 
delete the installation program. 

If you have used earlier versions 
of EagleCAD you are going to be in 
for a bit of a surprise - CADSoft have 
refreshed the icon style, giving it a 
Microsoft Windows 8 ‘Metro’ style 
look-and-feel, as you can see in Fig.1. 
However, the changes are largely skin 
deep. For this series of articles we are 
going to assume that you are a novice, 
so the user interface changes will not 
be an issue. Version 7 is also backwards 
compatible with designs made in earli- 
er versions of the program, so it is well 
worth performing the upgrade if you 
have not already done so. 


What do we get? 

Having installed the program and been 
presented with the Tools control panel, 
let’s have a very quick summary of 
what we are able to do with our ‘free’ 
install: 


© Create a single-paged schematic 

© Create double-sided boards up to 
100mm x 80mm is size; 

e@ Produce standard PCB manufac- 
turing data 


Turning the question around, what are 

we notable to do with the free version: 

© Create multiple pages of schematics 
(for a single design) 

© Create boards larger than 100mm 
x 80mm 

© Create boards with more that two 
copper layers 

e@ Use the designs for commercial 
purposes 


That first point is no issue for hobby- 
ist designs — we have never found the 
‘single-page circuit diagram’ to be an 
issue. The board size limitation is rare- 
ly an issue, and when it has been we 
have simply split the design into two 
or more boards. Likewise, being able 
to create only single or double-sided 
PCB designs is no issue at all for hob- 
byists; in 30 years of making our own 
boards we have yet to design a four 
(or greater) layer PCB, since the cost 
of a four-layer board is significantly 
greater than a two-layer board. Having 
said that, the costs are dropping, so 
perhaps the time is approaching for 
hobbyist-created four-layer boards! 

However, the last point is important 
to note: you are only permitted to use 
the program for your own personal 
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Fig.1. New user interface 


use. That’s not unreasonable given that 
the price of the commercial version 
of the above setup is just 62 euros 
(around £50). 


Control panel 

On starting the application, you are first 
presented with the control panel, as 
shown in Fig.2. This dialog displays a 
summary image of the currently select- 
ed design on the right, and on the left a 
hierarchical tree view of the high level 
functions available with the program: 


Libraries 

Design Rules 

User Language Programs 
Scripts 

CAM Jobs 

Projects 


This gives us the opportunity to start 
working through the ‘language’ of CAD 
programs. Let’s explain each of those 
options in turn. 


Libraries 

Individual component types, such as 
a 1/4W resistor or 0.2-inch pitch disk 
ceramic capacitor are represented 
within the program by a ‘device’. Each 
device consists of two parts: a ‘symbol’, 
which is shown on the schematic, and 
a ‘package’, which is shown on the PCB 
drawing. Although they represent the 
same thing, it is desirable to have two 
views of the part for the two different 
‘views’ of your design — the schematic 
displays the logical connections be- 
tween components, while the board 
displays the physical connections be- 
tween those parts. It’s important to note 
that a device exists in the library only 
for each unique physical component 
type; the actual value of acomponent is 
entered when you are creating a design, 
and is one of the ‘attributes’ of each 
component placed in your schematic. 
All the same, there are hundreds if 
not thousands of devices in the library 
(and more are available to download 
for free across the Internet) so they are 


organised in a directory-like structure, 
and the tool provides an excellent — and 
necessary — search facility. 


Design Rules 
An excellent feature offered by all 
modern CAD programs is the ability to 
analyse your board design for errors. 
This can be done at two points: in 
schematic entry, where an ‘electrical 
rules check’ can be performed, and 
during board design, where a ‘design 
rules check’ can be performed. The 
electrical rules check ensures that 
all mandatory I/O and power pins 
have been connected to, and that two 
or more output pins have not been 
shorted together. (Every pin on a com- 
ponent has a ‘type’ attribute that can 
be ‘INPUT’, ‘OUTPUT’ and ‘POWER’, 
for example.) Design rules check is 
complex, and is used to confirm that 
your physical layout of the board does 
not exceed the capabilities of the PCB 
manufacturer — such as how thin tracks 
may be, how close to each other or 
the edge of the board tracks may run, 
minimum drill diameter and so on. 
Each manufacturer has their own 
specific capabilities and limitations; 
some of them operate two or more 
design standards, with the more 


challenging standard costing more. 
Fortunately, all of these capabilities 
and limitations can be expressed in a 
design rules file. Checking the design 
automatically is absolutely essential; it 
takes just a few seconds, and will find 
issues that you would struggle to find 
unaided. Failing to check your board 
will at best result in the manufacturer 
rejecting it; at worst, they make it and 
you find your board does not work. 
Moral of the story: check your board, 
and check it often! 


User Language Programs (ULPs) 
It is possible to write programs in the 
‘C’ programming language that can be 
run by Eagle. These programs can make 
use of internal functions of EagleCAD 
to perform complex operations. ULPs 
are an advanced topic and we will not 
cover them in this initial article series. 


Scripts 

Similar to (but much simpler than) 
ULPs, scripts are simply a list of nor- 
mal user commands collected in a file. 
These can be useful if there is a series 
of commands that you use frequently. 
Eagle ships with a dozen or so scripts. 
The important one is eagle.scr, which 
is run when eagle starts up. You can 
modify this to configure Eagle as you 
see fit, if you wish. 


CAM Jobs 

The term ‘CAM Jobs’ refer to a series 
of dialogs that can be run to convert 
the board design into industry stand- 
ard formats that can be understood 
by PCB Manufacturers’ drilling and 
board etching machines. Although 
there are dozens of PCB programs, there 
are (thankfully) only one or two PCB 
manufacturing standards. Each ‘Job’ 
references a particular manufacturing 
data format. We will explore these later 
in the article series when we create PCB 
data for manufacture. 
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Fig.3. Schematic entry dialog 


Projects 

This is where your projects are or- 
ganised, in a directory style listing. 
Navigate through this list to find and 
then open your design. 


Designing a board 

We’ve introduced several new concepts, 
so let’s just recap, and fill in some de- 
tails. When you design a board, you start 
by creating a new project — in essence, 
a new directory for you design files. If 
you right-click over the word ‘Projects’ 
in the list on the left, you will find the 
option for ‘New Project’. Click on that, 


and enter the name ‘SENSOR’. Now 
right-click on the name SENSOR, and 
select new->Schematic. A new schemat- 
ic dialog will appear, as shown in Fig.3. 

This dialog window is where we 
will enter the circuit diagram of 
our board. Typically, one enters the 
complete circuit diagram before 
switching to the board design, but 
it’s not essential. Sometimes one 
will draw a bit of the schematic, play 
with the layout of the components 
on the board, and then go back to the 
schematic. It’s normal, however, to 
enter the schematic details and then 


layout the board. The schematic is the 
design; the board layout is just the 
physical representation — and some 
PCB programs even allow for multiple 
board designs for the same schematic. 
EagleCAD does not. 

A word from the wise: once you 
have started creating the board layout, 
always have both the schematic and 
the board dialog windows open while 
you make changes. For some reason, 
making changes in one drawing while 
the other is closed can cause a loss of 
synchronisation between the two. It’s 
fine, however, if you have both open, 
and minimise the one you are not using 
at the moment. 

We are going to finish with EagleC- 
AD for this month, so close all three 
windows, the order in which you do 
so is not important. 

We have decided on a PCB design; 
it’s actually going to be two boards: one 
very small and simple, using pre-in- 
stalled components and designed so we 
can manufacture it at home; the second, 
more involved, using surface-mount 
components and requiring a solder 
stencil for volume manufacturer. 


Next month 

In the third part of this series we start 
with the simple PCB design, and show 
how you can convert the PC-based 
design into a hand-built board. 


The new EAGLE has landed! 


Version 7 


now available 
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by Alan Winstanley 


The connected home 


a re KS to a bulging array of Internet-aware systems 
coming to market, the home appliance industry is 
grappling with the new technologies that will allow 
consumers to use their smartphone or tablet to control a wide 
range of domestic devices connecting wirelessly to the cloud. 
In previous Net Work columns I introduced the Crock-Pot 
Smart Slow Cooker (April ’14 EPE) and Philips’ Hue Wi-Fi 
LED lights (May ’14 EPE) as examples of smart devices that are 
controlled with dedicated apps. The Samsung Smart Home 
(March ’14 EPE) points to the future as Samsung sees it, with 
network appliances connected to a cloud and controllable 
with mobile devices. Samsung’s Home View would use an 
appliance’s built-in IP camera to provide security coverage 
of the next-generation home. 

Last month, in September’s issue, I highlighted a rival range 
of intelligent electrical appliances from South Korea’s LG. 
Their ‘HomeChat’ fridge, microwave and washing machine 
can be interrogated via a Messenger-style conversation using 
an app. The LG HomeChat fridge contains a camera that 
photographs the fridge contents every time the door is opened, 
intended to help busy families manage their grocery shopping 
lists. In fact, the idea of a smart fridge camera is not new: in 
2012 German maker Bosch-Siemens (BSH) also floated the 
concept of a ‘House of Innovations’ featuring their new ‘Home 
Connect’ protocol that would control an oven, cooker and 
cooker hood, even a coffee machine, via an app that provides 
simple monitoring or remote control over a home-based 
network. A prototype fridge containing two cameras was also 
shown by Siemens. Add in GPS and you have an appliance 
that knows how hard the water is in the customer’s locality, 
so it sets up a dishwasher’s water softener automatically. Also 
suggested was a small home projector running on the same 
network that allows recipes and suggestions to be displayed 
on a kitchen work surface, for example. 

Bosch-Siemens has been in no hurry to rush smart 
appliances to market until the technology is right and BSH 
is at pains to proclaim the open nature of the Siemens Home 
Connect protocol. As a result, Home Connect could eventually 
control other brands of gadget that are compatible with the 


min 


same protocol, says BSH who are forming a separate company 
to handle this emerging technology. Customer product support 
could also be provided direct via live video chat. Taking 
responsibility and supporting a product this way can only be 
good for customer retention, and is much better than enduring 
mindless call centres or chasing spares, but it will probably 
still result in expensive call-outs should things go wrong. A 
new-generation appliance could send an error message over IP 
to help with diagnostics before the repairman visits. 

An iOS app for tablets and phones will spearhead the 
new Home Connect concept and an Android app would be 
available in 2015, say BSH. A wireless router is needed and 
as we enter a world where home networks could be hacked 
through a Smart TV or an insecure home router, Siemens 
states that it will use certified levels of security and that end- 
user data will be stored anonymously on their own cloud- 
based servers. 


Making a Nest 

A well-worn mantra in the commercial world states that 
if you don’t have the technology, simply buy it from 
somebody who has. Nest Labs Inc. (www.nest.com) is an 
interesting maker of smart home thermostats and smoke 
alarms that Google bought for $3.2 billion in cash early this 
year. Nest’s Learning Thermostat is a wall-mounted dial 
with colour screen that learns your usage trends over time 
to help you conserve energy and reduce your heating or air- 
conditioning bills. Nest is also controllable from an app to 
allow monitoring remotely, and using its Wi-Fi connection 
it integrates with weather conditions and forecasts, so that 
it learns how you use your heating or aircon in response to 
the prevailing weather. A YouTube trailer at https:/Awww. 
youtube.com/watch?v=L8TkhHgkBsg shows the basics. 


Protect your Nest 

Nest also produces a new-generation smart smoke and CO 
alarm called Nest Protect. Nest offers a powerful argument for 
adopting new intelligent detectors like these. For example, 
like many, the author is guilty of being awoken in the night 
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Home Connect from Bosch-Siemens will control compatible 
appliances over the network 
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Home Connect could eventually operate other brands of 
appliance and offer more services to users 
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Nests Learning Thermostat is 
wireless and provides control via an 
app and energy usage data 


due to a smoke alarm ‘chirruping’ 
in low-battery mode somewhere 
in the house, and dealing with 
it by disconnecting the battery 
before shuffling back to bed again. 
Checking them periodically involves 
keeping one eye on a blinking LED 
or pressing the test button once a week, 
which none of us ever does. And having 
several detectors around the house, locating a troublesome 
chirruping smoke alarm is another problem. 

The Nest Protect is different from traditional smoke and 
CO alarms in every way: it broadcasts warnings of smoke or 
carbon monoxide in plain English (and according to the trailer, 
the UK version of Nest has a proper English accent — no Speak 
‘n Spell American voices here), and the system announces 
the location of the hazard which you _pre-programme 
during setup. When carbon monoxide is detected, it also 
warns you in English to move to fresh air. Early warnings of 
potential problems, as well as emergency situations are duly 
announced, and the system can be hushed, too — ideal near 
the kitchen toaster. It’s backed up with an 85dB horn, plus 
Android and iOS apps are also used for alerts. The Wi-Fi 
smoke alarm detects ambient light and motion and also lights 
the way at night, and self-tests itself constantly. Should the 
Wi-Fi go down then multiple units can communicate with 
each other via their own personal area network based on 
802.15.4, another emerging trend in networking technology. 

By sharing basic Nest data with Google itself (eg, whether 
a user is at home or not), this opens up the prospect of 
greater integration with Google’s own applications which 
could automate certain tasks: if someone’s half 
a mile away and heading home (detected 
by a geofence) then the heating could be 
turned up or the garage doors could be 
opened in readiness. Voice recognition 
control via Google’s servers is also likely. 
Google’s involvement with Nest is likely to 
raise privacy issues when Nest user data is 
shared with the advertising giant this way. 
Battery (six AA Lithium Ultimate, mullti- 
year life) or mains wired versions (with 
battery backup) of Nest Protect each retail 
at £89. This ceiling-mounted safety device 
has already started to appear in UK DIY 


QOdropcam |; | store | 


Freedom Farms 


Ss A 


Happy as a pig in mud: this Dropcam live demo (with sound) 
of an expectant sow demonstrated their IP cameras perfectly. 
More news of the litter next month! 


the de facto standard for appliance control. The Internet 
of Things could face its own VHS/Betamax or Homeplug/ 
Homegrid contest all over again. 

Starting in no particular order, the Allseen Alliance 
oversees the AllJoyn Open Source project (https://Awww. 
alljoyn.org) which strives to set interoperability standards 
across networks in home, office and automotive applications. 
Its members include Qualcomm, Microsoft, LG, HTC, Cisco, 
TP-Link, Symantec, Lite-On and many more. The competing 
Open Interconnect Consortium (www.openinterconnect. 
org) wants to deliver an open source interconnectivity 
solution of its own, backed by Intel, Atmel, Dell, Broadcom 
and Samsung. If that’s not enough, the Thread Group (http:// 

threadgroup.org) is focussed on home devices that will 
inherently have low power battery operation and 
use an 802.15.4 personal area network: devices 
talking among themselves as well as with a router. 

Samsung has a foot in this camp, as do Nest, ARM 

and Yale Security, which alludes to the production 

of intelligent, networkable home security solutions 
in the future. 

Apple, meantime, is pushing Homekit (https:// 
developer.apple.com/homekit) which supports 

Apple’s Home Automation Protocol. Apple’s Siri 

speech recognition system will integrate with this 

to offer voice control of connected devices. Partners 
include Honeywell, which will be producing 


stores (B&Q) as well as Apple Stores, John Nest Protect is anetwork-ready its own network-aware thermostat to rival Nest, 


Lewis and Amazon, and I intend to install 
them in my home as a matter of course. 


wireless smoke and carbon called Lyric. Philips is expected to support Apple’s 
monoxide alarm with spoken Homekit with its Hue LED lights (reviewed in May 


English warnings and multiple 14 Net Work). 


Watch your Nest 

With Google’s blessing, Nest has in turn 
snapped up the smart camera firm Dropcam for $555 million 
as Google squares up to meet the demand for an estimated 
25 billion future devices that will comprise the ‘Internet 
of Things’ or ‘IoT’. Dropcam’s range of IP cameras helps 
with security and baby monitoring, featuring HD, two-way 
sound, alerts for motion or sound, night vision and optional 
cloud-based video recording. Apps for Android and iOS 
are available. A lovely demonstration of Dropcam with 
sound at https:/;www.dropcam.com/live-demos/attractions/ 
freedom-farms showed us inside a US-based piggery with an 
expectant (and very grumpy!) sow called Princess snuffling 
around in the mud, with a delivery of piglets eagerly awaited 
by all looking in. The cloud recorder enables the clock to be 
wound back to review earlier footage. Even on rural ADSL 
the video feed was reasonably good with little time lag. The 
HD Dropcam is typically £150 and the ‘Pro’ is £199 ($149 or 
$199) but the cloud recording service is an extra annual cost. 


Forging alliances 


As the IoT evolves rapidly, alliances are forming among 
software and hardware manufacturers as they try to create 
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sensors (battery or mains) 


All of this depends on a user’s wireless 
connectivity to the manufacturer’s cloud. So it 
was at exactly this point in writing my copy, readers, that my 
mains electricity suddenly went off. My PC’s uninterruptible 
power supply kept things running for a few minutes, while I 
scrambled to save my work before I delved into the household 
fusebox. An RCD (GFCI) had tripped and taken half the 
household electricity with it, and eventually I pinpointed 
the washing machine as the culprit. As Mrs W confirmed, 
as soon as it started to fill, at the point that the drum should 
start to turn, the electrics blacked out again. My engineer 
colleague suggests the motor or controller board shorting to 
earth and spares could be more than the machine was worth. 
Perhaps a new Internet-aware smart washer would generate 
a helpful diagnostics code, except the outage took out my 
wireless router as well, thereby downing my home network 
entirely. Never was the saying ‘The more things change, the 
more they stay the same’ more true. 

That’s all for this month’s Net Work — it has been great to 
bring you news of forthcoming Internet developments and 
some really exciting devices are queuing up to burst onto 
the market, so rest assured Net Work will keep you posted. 
You can email the author at alan@epemag.demon.co.uk 


47 


fs —— 


INTERF 


Counting, timing and frequency 


HE previous 
Interface article 
covered some 


simple ways of timing 

external events using a 
Raspberry Pi computer, a Python pro- 
gram, and a small amount of hardware 
on the computer’s GPIO port. We start 
this time in a similar vein, with sim- 
ple hardware and software for timing 
and counting applications. For exam- 
ple, this system could be used as a lap 
counter and timer for a model racing 
car set. Obviously some form of sen- 
sor is needed to detect the car passing 
the Start/Finish line, but this is not an 
aspect of things that will be covered 
in detail here. Various types of sensor 
(eg, optical) have been covered in re- 
cent Interface articles, and at least one 
of these should be suitable for most 
applications. Something as basic as a 
micro-switch is often sufficient, and it 
is worth considering simple solutions 
before jumping in with more exotic ap- 
proaches. 


Bouncing back 

One common problem when using a 
mechanical switch as a sensor is that 
of ‘contact bounce’. This is where the 
switch does not open and close clean- 
ly, but instead produces two or more 
pulses in rapid succession each time it 
is operated. In a counting application 
this can result in the count being in- 
cremented by more than one each time 
the sensor switch is activated. In an ex- 
treme case, the count can increment in 
dozens rather than one at a time. It is 
not only mechanical switches that can 
cause this problem, and it can easily 
occur with other types of sensor, such 
as optical ones. In fact, it is quite likely 
to occur if an optical sensor is detecting 
something that has a complex shape, 
which would probably include most 
model racing cars. 

A Schmitt trigger at the output of a 
sensor will occasionally cure problems 
with contact bounce and the like, but it 
will often just result in bursts of ‘clean- 
er’ output pulses with less noise, rather 
than a single output pulse. The more 
reliable solution is to use a monosta- 
ble circuit. When triggered, this type 
of circuit produces an output pulse 
that has its duration set by a C-R tim- 
ing network. The basic idea is to have 
the duration of the output pulse greater 
than the overall duration of the out- 
put pulses from the sensor. Any extra 
transitions from the sensor will then be 


48 


ACE 


ignored, because the monostable 
will already be in the triggered 
state when they occur. 

A simple monostable circuit 
based on a 555 timer is all that 
is needed in the current context, 
and a suitable circuit is shown in 
Fig.1. IC1 is the 555 timer chip; 
here, it is actually a low-power 
version of the 555. It will oper- 
ate on the 3.3V supply available 
from the Raspberry Pi’s GPIO 
port, which means that its output 
can directly drive an input of the 
port without any problems. In 
this case, it is used to drive GPIO 
7 at pin 26 of the port. The output 
at pin 3 of IC1 is normally low, 
and it pulses high when the circuit is 
triggered. 

Resistor R2 and Capacitor C2 are the 
timing components of the monostable, 
and the output pulse duration is ap- 
proximately 1.1CR seconds. The spec- 
ified values produce an output pulse 
duration of about 243ms (millisec- 
onds). These values represent a good 
starting point, but they may need to be 
altered. The correct pulse duration for 
a monostable in this type of applica- 
tion will vary depending on the pre- 
cise nature of the sensor. The switch 
or other signal source will normally 
produce a short pulse as the detected 
object passes by. The output pulse 
from the monostable must be com- 
fortably longer than the output signal 
from the sensor so that multiple trig- 
gering is avoided. On the other hand, 
it must not be so long that the mon- 
ostable is not triggered the next time 
a passing object is detected. There is 
usually plenty of latitude here, and a 
little experimentation should soon de- 
termine suitable values for C2 and R2. 

The monostable is triggered by a fall- 
ing edge on pin 2 of IC1. R1 normally 
holds pin 2 high, but it is pulled low 
when sensor switch S1 closes, and the 
monostable is then triggered. Pin 2 can, 
of course, be driven from an electronic 
sensor of some kind, but bear in mind 
that it is operating from a 3.3V sup- 
ply, and therefore needs to be driven 
at 3.3V logic levels. R1 and S1 are not 
needed if the circuit is driven from an 
electronic sensor, or R1 can remain and 
the circuit can be driven from an open- 
collector output. This method effec- 
tively provides level shifting if the cir- 
cuit is driven by a sensor that operates 
at normal 5V logic levels, and ensures 
that IC1 will not be damaged. 


By Robert Penfold 


TSS55CN 


Threshold 
She 


Fig.1. A simple ‘debouncing’ circuit based 
on a 555 timer chip used in monostable 
mode. S1 is the sensor switch, and would 
normally be a micro or reed switch 


Counter software 

Listing 1 is for a simple Python 3 pro- 
gram that provides timing and count- 
ing. It provides individual lap times 
and a total time once ten laps have 
been completed. The overall timing is 
handled by a routine that is essentially 
the same as the one featured in timer 
software for the previous Interface ar- 
ticle. Additionally, this software has a 
while... loop that counts the number 
of laps and brings thing to a halt once 
the appropriate number have been 
completed. An additional timing rou- 
tine within the loop provides the in- 
dividual lap times. The variable called 
Laps is given an initial value of 0, and 
it is incremented by one on each loop 
of the program. The while... loop con- 
tinues while Laps is less than 10, and 
the value used here sets the number of 
laps that are counted before the pro- 
gram is brought to a halt. This can be 
altered to halt things after any desired 
number of laps. 

The program waits for a rising edge 
from the monostable on GPIO 7 before 
entering the loop. In a lap counter ap- 
plication, the program is waiting for 
the car to cross the Start line and get 
things under way. Once into the loop, 
a time is taken and is placed in the 
variable called lapstart, and the 
program then waits for another rising 
edge on GPIO 7. When this is detect- 
ed, another reading is taken from the 
timer, and it is placed in the variable 
called lapend. The lap time is then 
calculated from the two readings and 
is printed on the screen. This process 
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Fig.2. The readout on the screen after the 
completion of ten laps 


is repeated until the loop reaches its 
end point and is exited. The overall 
time is then calculated and printed on 
the screen. This produces something 
like Fig.2 on the screen. 

Due to the fact that the various com- 
ponents of the program operate less 
than instantly, it is likely that there will 
be a discrepancy between the total for 
the individual lap times and the over- 
all time produced by the program. In 
particular, the printing to the screen is 
not particularly fast and could produce 
slight slippage. It would probably be 
possible to produce a more efficient ver- 
sion of the program, but it does at least 
provide a useful starting point. 


Time to frequency 
It is possible to measure frequency by 
first measuring the duration of one 


Listing 1 


iimport RPi.GPIO as GPIO 
import timeit 
GPIO.setmode (GPIO.BOARD) 
GPIO.setwarnings (False) 
GPIO.setup (26, GPIO.IN) 
Laps = 0 


GPIO.wait_for_edge (26, GPIO.RISING) 


start = timeit.default_timer () 


while(Laps < 10): 


lapsecs = lapend - lapstart 
millisec = lapsecs * 1000 
millisec = int (millisec) 


lapsecs = millisec/1000 
print (lapsecs, "seconds") 
Laps = Laps + 1 

print ("LAPS COMPLETED 


end = timeit.default_timer () 
secs = end - start 

millisec = secs * 1000 
millisec = int (millisec) 
secs = millisec/1000 

print (secs, "seconds") 
GPIO.cleanup () 

print ("Finished") 


lapstart = timeit.default_timer () 
GPIO.wait_for_edge (26, GPIO.RISING) 
lapend = timeit.default_timer () 


", Laps) 


cycle, and then dividing one by the 
time in seconds to give a frequency in 
hertz (Hz). This method is certainly 
possible using the GPIO port and the 
Python timing facilities, but it does not 
work very well in practice. The prob- 
lem is that the timer only gives milli- 
second resolution, and the true accu- 
racy seems to be rather less than this 
degree of resolution would suggest. 
It is possible to measure frequency, 
but only at the lower end of the audio 

range and into the infra-audio range. 
High frequencies can be handled 
with the aid of prescaling. This is 
where the input frequency is divided 
by some additional hardware to give 
a lower frequency that the frequency 
meter can accommodate. In this case, 
dividing the input frequency by 1000 
extends the upper limit of the system 
so that middle and high audio frequen- 
cies can be measured. Fig.3 shows the 
circuit diagram for a three-stage divider 
circuit that divides the input frequency 
by 1000. It requires input pulses at 
suitable logic levels, and some signal 
conditioning circuitry ahead of the 
input would be needed for operation 
with pulses at the wrong levels, or sine 

waves and other non-pulsed signals. 
The divider is based on three 4017BE 
CMOS ‘1 of 10 decoder’ chips, which 
require the standard anti-static handling 
precautions. In this circuit (Fig.3), the 
ten outputs of the decoder section are 
unused. It is only the straightforward 
divided-by-ten output signal from the 
Carry Out output (pin 12) that is used. 
The 4017BE has a Reset input at pin 
15 and a Clock Inhibit input at pin 13. 
These are not needed in the current ap- 
plication, and are connected to the 0V 
supply so that the divider circuits can 
function normally. In addition to the 
divided by 1000 signal, outputs at one 
tenth and one hundredth of the input 
frequency are available from pin 

12 of IC1 and IC2 respectively. 
The software for the frequen- 
cy meter is provided in Listing 
2. When the program is run, it 
measures the time between the 
first two rising edges that are de- 
tected on the GPIO 7 pin. This 
gives the duration of one input 
cycle, or what is actually one 
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Listing 2 


import RPi.GPIO as GPIO 
import timeit 

GPIO.setmode (GPIO.BOARD) 
GPIO.setwarnings (False) 
GPIO.setup(26, GPIO.IN) 


GPIO.wait_for_edge(26, GPIO.RISING) 


start = timeit.default_timer () 


GPIO.wait_for_edge(26, GPIO.RISING) 


end = timeit.default_timer () 
secs = end - start 
millisec = secs * 1000 
millisec = int (millisec) 
secs = millisec/1000 
print (secs, "seconds") 
frequency = 1/secs 
print (frequency * 1000, 
GPIO.cleanup () 

print ("Finished") 


thousand cycles when the prescaler is 
used. To find the frequency (the recip- 
rocal), one is divided by the measured 
time, and this value is then multiplied 
by 1000 to give a frequency in hertz. 
This figure is then printed on the screen. 

It should be noted that with this 
method of frequency measurement the 
time taken for a reading to be completed 
varies in proportion to the input fre- 
quency. It is only about half a tenth of a 
second or so with an input frequency of 
10kHz, but it is over 10s with an input 
frequency of 100Hz. The resolution and 
accuracy obtained with a simple system 
such as this is not going to rival that 
of a dedicated digital frequency meter. 
It provides results more in line with a 
simple analogue frequency meter, but if 
nothing else, it is an interesting experi- 
ment to try. 

With both timing and frequency 
measurements there seem to be slight 
inconsistencies that prevent true one- 
millisecond accuracy from being ob- 
tained. Using interrupts helps to ensure 
that the software responds very rapidly 
to signals on the input lines, but there 
will be other services using interrupts, 
and it is likely that most of these have 
a higher priority than the GPIO lines. 
This could result in slight and variable 
delays being introduced. Anyway, the 
results are perfectly adequate where 
slightly less than millisecond accuracy 
will suffice. 


Carry Out 


Fig.3. A divide-by-1000 prescaler circuit using a series of three 4017BE one-of- 
ten decoder chips. The ten outputs of the decoder are unused here, and only the 


Carry Out outputs are used 
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Non-electrolytic electrolytic 
capacitors 

While researching capacitors, com- 
ponent manufacturer AVX put me in 
touch with their applications team 
manager, Dr Tomas Zednicek, who 
has contributed to 25 scientific papers 
describing the physics of tantalum 
capacitors. It turns out solid tantalum 
and polymer capacitors are not elec- 
trolytic capacitors at all. The term ‘sol- 
id-electrolyte electrolytic capacitor’ is 
a misnomer that has arisen because 
they are used in the same situations as 
normal wet electrolytic capacitors and 
are generally polarised. Also, when 
solid capacitors are manufactured, the 
oxide dielectric is initially formed by 
electrolysis. 


The MIS structure - a distortion 
mechanism? 

Solid capacitors have a metal-insula- 
tor-semiconductor or MIS structure, 
not the metal-insulator-metal struc- 
ture of normal capacitors. It is usually 
in the form of tantalum-tantalum 
pentoxide-manganese dioxide, as 
shown in the diagram (Fig.1). There 
are variations, such as solid-alumin- 
ium, niobium, and types where the 
manganese dioxide is replaced by 
lower-resistance polymers, but the MIS 
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—————— 
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i OHMIC CONTACT 
CARBON COAT 
TANTALUM AND SILVER PAINT 
METAL THEN SOLDER 


TANTALUM MANGANESE 
PENTOXIDE DIOXIDE 
Ta,O0, MnO, 


POTENTIAL BARRIER EFFECT 


Fig.1.. The metal-insulator-semiconductor 
(MIS) structure of a solid-tantalum capac- 
itor. The small potential barriers between 
these layers cause distortion 
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structure remains. This exhibits subtle 
potential-barrier / depletion-region ef- 
fects, due to the different energy band 
gaps of the materials. In addition to 
this, there are the asymmetric leakage 
currents that all polarised capacitors 
possess. It is likely that modulation of 
the depletion region’s width with signal 
gives the increased distortion. The MIS 
structure can be thought of as similar 
to a metal-oxide rectifier diode with 
a massive capacitance. Dr Zednicek 
suggests that to avoid these effects, it’s 
best to keep the applied signal voltage 
to less than 1V with zero DC bias. In 
many audio situations it could hit up to 
20V. It appears the distortion is inherent 
in the physics of the device and it is 
still not fully understood. 

I did an experiment where I sand- 
wiched a piece of manganese-diox- 
ide-impregnated fibreglass from an old 
Philips SAL capacitor between two ne- 
odymium magnets, illustrated in Fig.2. 
I then hooked it up to a power supply, 
varied the voltage and measured the 
current. It was pretty non-linear, as the 
graph in Fig.3 shows. Connecting up 
the manganese dioxide ‘resistor’ to a 
signal generator set to a triangle wave 
(Fig.4) gave the distorted waveform in 
Photo 5. Although the interfaces were 
not the same as in a solid capacitor, it 
shows where part of the problem lies. 

At some point the distortion mech- 
anisms will be better controlled, but 
we are still stuck with the same basic 
technology. There is a niobium-oxide 
polymer capacitor, the OxiCap, that 
gives the lowest solid-capacitor dis- 
tortion, but it is still high and worse 
than in wet electrolytic capcitors. 
Unfortunately this technology seems 
to be limited to 10V at present. 


Negative feedback 

With a few extra components, the ca- 
pacitors can be incorporated into the 
negative feedback loop of most audio 
circuits to reduce their distortion. 
Since the ‘open-loop’ distortion of the 
capacitors is much less than that of the 
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Fig.2. Set-up to test the conductivity of man- 
ganese dioxide, the most common semicon- 
ductor used in solid-tantalum capacitors. It 
consists of two hard-drive magnets clamp- 
ing a sheet of manganese dioxide from a 
disassembled capacitor 
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Fig.3. Current against voltage graph of man- 
ganese dioxide. It is non-linear, almost ex- 
hibiting a rectifying effect 


active devices, their distortion can be 
rendered insignificant. 


Low frequency or LF instability 
When building audio circuits it’s a 
good idea to do checks on LF insta- 
bility if more than one capacitor is 
included in the feedback loop. In 
this situation, the combined phase 
shifts could hit 180 degrees, at which 
point what you thought was negative 
feedback becomes positive feedback. 
If gain is present then LF oscillation 
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pk-pk 


BELOW 1V jy... THE 
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BEHAVES LIKE 
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Fig.4. Test set-up showing the manganese 
dioxide ‘resistor’ connected to a ‘scope and 
function generator 


Fig.5. Distorted triangle wave at 15Vpk-pk 
from test set-up in Fig.4. Below 1V, the signal 
was undistorted 


could occur. This can manifest itself 
as bouncing on tone bursts and at 
worst, full-blown ‘motor-boating’ (low 
frequency oscillation). Most designers 
worry about LF instability because in 
modern DC coupled circuits it is not 
a consideration, which means they 
lack experience in dealing with it. 
For us audio buffs who design valve 
amplifiers with coupling capacitors 
and transformers in the feedback 
loop, it’s normal work. Also remember 
that taking feedback after the output 
capacitor in power-amps can result 
in high-frequency instability when 
feeding capacitive loads. I’ll cover 
these stability issues later. 

As a taster, here is a standard buffer 
amplifier (Fig.6) built using ordinary 
wet electrolytic capacitors. Fig.7 
shows the circuit with a modification 
that uses solid capacitors with distor- 
tion cancellation. 


Surge capability 

Wet electrolytic capacitors have 
excellent voltage and current surge 
resistance, they will survive occasional 
crowbar discharges and short over- 
voltage pulses, and designers take this 
for granted. Solid tantalum capacitors 
can’t cope with this. Don’t use sol- 
id-tantalum capacitors for supply rail 


decoupling, unless a resistor or slowly 
ramped power supply is present, since 
their limited current capability can re- 
sult in them going short circuit. Where 
the circuit impedance is above a few 
tens of ohms, such as for coupling and 
timing, they are very reliable. The surge 
problem has led to a general distrust of 
solid-tantalum capacitors and I have 
seen a few burnt boards from designers 
not appreciating this. 

This problem is the result of field 
crystallisation failure; from which 
aluminium oxide dielectric capaci- 
tors don’t suffer. The mechanism is 
a localised heating effect, not unlike 
secondary breakdown in bipolar 
transistors. High charge/discharge 
currents and the resultant heat causes 
the normally amorphous tantalum 
pentoxide to crystallise, at localised 
weak spots. These points are where 
the MnO, layer is thinnest, the lower 
resistance leading to current con- 
centration. The crystalline form can 
then breakdown at a voltage below 
the rating of the capacitor — bang! If 


STANDARD OUTPUT BUFFER 


VP 100n 


BUFFER MODIFIED FOR ZERO OUTPUT IMPEDANCE 


Fig.6. Standard op-amp buffer amplifier us- 
ing an output electrolytic capacitor. A mod- 
ification to null the output stabilisation re- 
sistor gives zero output impedance to drive 
long cables 
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BUFFER MODIFIED FOR OUTPUT CAPACITOR 
DISTORTION REDUCTION 


Fig.7. Modified buffer to eliminate distortion 
from the output capacitor, which is now in- 
corporated in the feedback loop 


Fig.8. When tantalum capacitors (top cen- 
tre) fail they go short circuit and can burn. 
Proper circuit design avoids this 


currents are limited, these defect sites 
can self-heal over time. If not, ignition 
of the whole capacitor can result, fed 
by oxygen from the MnO, (see Fig.8). 
This is most commonly seen in high- 
er voltage (>25V) situations. In some 
designs, series resistors plus circuit 
source resistance can be used to limit 
surge currents. The old conservative 
method was to allow 3Q/V (ohms per 
volt), so a capacitor with 20V across it 
would need to see 60Q, which would 
totally ruin the ESR for decoupling 
purposes. Alternatively, the capacitor 
can be derated, typically using double 
the voltage rating required. 

Modern tantalum capacitors have 
seen successive reductions in the 
required circuit resistance. It was re- 
duced to 1Q/V in the 1980s and finally 
to 0.1Q/V (or a total resistance of 10, 
whichever is the greater), by around 
the mid-1990s. This is because the 
number of defect sites has been re- 
duced by evolutionary improvements. 
The field failure rate of tantalums 
dropped rapidly three times from the 
1960s up until 1984, where it levelled 
off for a while. AVX and Kemet now 
screen their capacitors, since these 
surge failures occur most often with 
the first turn-on. If you are using new- 
old-stock tantalums, it may be a good 
idea to charge/discharge them before 
installation in a high surge position. 
The circuit in Fig.9 uses a 22001F ca- 
pacitor charged up to the rated voltage; 
this blows up any weak capacitor! 


TANTALUM 
CAPACITOR 
UNDER TEST 


Fig.9. Surge testing circuit for weeding out 
weak tantalum capacitors from old stock for 
tough jobs — not normally needed 
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Fig.10. Philips 122 series solid-aluminium 
capacitors. These orange ‘pearls’ are much 
tougher than tantalum bead capacitors 


The best large-value capacitor for 
power rails and other high-current 
uses, is solid-polymer aluminium 
types, which have very low ESR and 
are very rugged. Even tougher, are 
the older manganese dioxide solid-Al 
types, such as the Vishay/Philips 123 
series. However, they do have higher 
ESR than low-ESR wet electrolytic 
ones. Studer used to use the Philips 
orange ‘pearl’ 122 series (Fig.10) and 
in 30 years I’ve only ever replaced 
one — it was installed backwards and 
lasted two years at —-12V! 

Interestingly, a high ESR value can 
be useful when decoupling voltage 


regulator outputs. This is because the 
inductive output impedance of all 
negative feedback stabiliser circuits 
can resonate with the output capaci- 
tor, causing a peak in the output noise 
frequency spectrum. In audio circuits, 
‘coloured’ noise is much more noticea- 
ble than white noise. A resistor added 
to Zener regulators improves noise 
filtering, since the source resistance is 
low. The resistor can also double as a 
tantalum surge suppressor, see Fig.11. 


Avoid the domino effect 

It is tempting to rate capacitors for 
the voltages they are subject to in a 
correctly functioning circuit. This is 
often done in consumer equipment. A 
common problem is that the capacitors 
may be exposed to full rail voltage 
under fault conditions. A full ampli- 
fier offset, shorted semiconductor or 
lost additional power rail are frequent 
causes. The results can be shorted 
capacitors, damaging the next stage or 
the loudspeaker. Exploded wet capac- 
itors have also been known to dissolve 
PCB tracks. I once saw a board that had 
suffered from a leaking wet tantalum 
capacitor. These used to use sulphu- 
ric-acid-based electrolyte. It looked like 
a visitation from Geiger’s xenomorph 
from the Alien movies. 


Expand your PI 
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RESISTOR HERE INCREASES 
FILTERING OF ZENER NOISE 
FROM 6mV TO 2MV 4.04 \ 2200 


270 


Fig.11. Adding an additional resistor to a 
Zener diode regulator improves the filtration 
of Zener noise. Normally the low slope resist- 
ance of the Zener and the similar ESR of the 
capacitor result in poor filtering. The resistor 
also provides surge protection for the tanta- 
lum capacitor. The reduction of regulation is 
not significant for audio op amp applications 


Next month, we'll look at a test-bench 
amplifier circuit incorporating numer- 
ous capacitor tricks. 
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, there was a discussion 
on the EPE Chat Zone about linear 
regulated DC power supplies. User 
dave_g started the thread, posting 
a schematic of a 12V, 8A regulated 
power supply, which suffered from 
stability problems. Later, james added 
another schematic for a supply with a 
similar specification, pointing out the 
use of an integrator in the feedback 
loop, which lead to some debate on 
what the integrator did and why. 
Other issues raised included the value 
required for smoothing capacitors and 
the level of output voltage drop under 
high load currents. 

All linear regulated power supplies 
employ negative feedback and so 
may suffer from instability, although 
some circuit structures are inherently 
more stable than others. Next month, 
we will look at some of the general 
principles of feedback and stability 
in regulators, but first we will look at 
the basics of linear regulated power 
supply operation, define some of their 
key characteristics and discuss the 
choice of smoothing capacitors. 


AC MAINS 
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Fig.1. Regulated power supply 


Unregulated basics 

The structure of a typical regulated 
power supply is shown in Fig.1. The 
incoming AC mains supply is stepped 
down to a lower AC voltage by a 
transformer. This low voltage AC is 
converted to DC by a rectifier circuit, 
which is usually an arrangement 
of diodes. The raw output from a 
rectifier is a pulsed waveform, which 
can be smoothed to a more or less 
constant voltage by use of a suitable 
capacitor. The voltage at this point is 
unregulated, which means that the 
voltage will vary significantly with 
current demand. 


Fig.3. Half-wave rectifier simulation 
waveforms 
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Voltage regulation 


The unregulated DC provides the 
input, V,, to the regulator, whose output 
voltage, V,, is ideally constant — the 
regulator is a feedback control circuit 
which attempts to keep V, constant 
as the load current and input voltage 
vary. The regulator supplies a current, 
I,, to the load, but also requires some 
current to power its own circuitry. 
This current, J,, flows to the regulator’s 
ground connection and is referred to 
as the ground current. Thus, the total 
current flowing into the regulator’s 
input, J;, is larger than [, by I,, that is 
L=i,+1, i 


Transform 
Mains transformers are specified in 
RMS (root mean square) voltages and VA 
power ratings (VA is for volts x amps). 
The peak voltage of the AC waveform is 
\/2 (square root of 2), or 1.414 times the 
RMS value, so a transformer with a 12V 
secondary will output AC with a peak 
of about 17V. With no load connected, 
the output voltage is likely to be higher 
than the specified value. 

VA is used instead of ‘plain’ power 
(watts) because a 
transformer conne- 


REGULATED DC cted to a non- 


resistive load (eg, an 
inductor, such as a 


REGULATOR 


motor winding) has 
to supply a current 
which may be larger 
than that indicated 
by the actual power 
used by the load. 
This is due to the 


20ms 30ms 40ms 


10ms 


Fig.2. Half-wave rectifier 


phase shift of the current with respect 
to the voltage. In such cases the VA 
rating of the transformer must be larger 
than the power of the load by a certain 
factor, depending on the type of load. 
In simple cases the VA rating can 
be taken as the power rating, so that 
dividing the VA rating by the output 
voltage gives the maximum current. 
The VA value for the secondary equals 
that of the primary (more or less, 
ignoring losses in the transformer). For 
example, 12V at 8A in the secondary 
corresponds to 240V at 400mA in the 
primary for a 240V mains supply. 


Rectify 

The most basic transformer and 
rectifier circuit is shown in Fig.2. This 
only uses one diode and is known as 
a half-wave rectifier because only half 
of the AC waveform is involved in 
producing the DC output. The diode, 
D1, only conducts in one direction, so 
current only flows into the load when 
output A of the transformer is positive 
with respect to output B. This occurs 
during one half of the AC cycle, so 
the load receives a series of half-sine- 
shaped pulses. 


50ms 60ms 7Oms 80ms 90ms 100m 
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Fig.4. Half-wave rectifier with smoothing 


Typical rectifier waveforms are 
shown in Fig.3. The upper (green) trace 
is the transformer secondary output, 
and the lower (red trace) is the rectified 
output. The peak of the rectified pulse 
is lower than the AC peak voltage due 
to the voltage drop across the diode. We 
typically assume a diode voltage drop 
is about 0.7V, but it may be larger than 
this (eg, 1V to 2V) in rectifier circuits, 
particularly at relatively high currents. 


Smooth 

The circuit in Fig.2 produces a series 
of pulses — certainly not what we 
would consider a continuous DC 
supply. To overcome this we need 
to store some of the energy from the 
pulse and release it to the load during 
the gaps, hopefully keeping the DC 
voltage nearly constant for a given 
load current. This is referred to as 
‘smoothing’ and is achieved using a 
capacitor connected across the rectified 
output, as shown in Fig.4. Smoothing 
is not regulation, because the average 
DC voltage will change with both 
load current and input voltage. Fig.5 
shows the waveforms for Fig.4, with 
C1=1000uF), superimposed on the 
original unsmoothed waveform. 

The smoothed waveform shown in 
Fig.5 is much more like DC voltage 
than the output from the circuit in 
Fig.2, but it still does not look very 
smooth. This variation in DC voltage 
is called ripple and is at the mains 
frequency for a half-wave circuit. The 
ripple can be reduced using a full- 
wave rectifier. This can be achieved by 


V[(rectified) 
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Fig.5. Smoothed waveform from circuit in Fig.4 (red trace) together with unsmoothed 


output from circuit in Fig.1 (green trace) 


using four diodes in a bridge-rectifier 
configuration, as shown in Fig.6. 
However, this is not the only possible 
full-wave rectifier; for example, it is 
also possible to use two diodes and a 
centre-tapped transformer. 

For the circuit in Fig.6, on positive 
half cycles of the mains, when point 
A is positive with respect to point 
B, diodes D2 and D3 conduct. On 
negative half cycles, diodes D1 and 
D4 conduct. Thus a DC pulse occurs 


on every half cycle (there are no gaps 
between pulses, as we saw in Fig.5). 
After smoothing, the ripple output 
has twice the frequency of a full-wave 
circuit (twice the mains frequency). 
Fig.7 shows the waveforms for the 
circuit in Fig.6. 

The ripple voltage -— which is 
defined as the difference between the 
maximum and minimum DC output 
— will increase if the load current 
increases, or if the capacitor value is 


Fig.6. Full-wave bridge rectifier with smoothing 
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Fig.7. Smoothed (red trace) and unsmoothed (C1 removed, green trace) waveforms 


for the full-wave rectifier circuit in Fig.6 
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reduced. We can estimate the ripple for 
the half wave circuit using the formula 

I 
{Cc 

Where J is the average load current 
(A), fis the mains frequency (Hz) and 
C is the smoothing capacitor value 
(F). For example, for the circuit in 
Fig.4, with a 12V RMS secondary, 
C1=1000pF, 50Hz, and an average 
current of around 140mA (14V across 
100Q) the formula gives the ripple 
as 2.8V. The formula is approximate 
because it ignores the time the 
smoothing capacitor spends charging 
and assumes the discharge is linear 
(actually it is exponential into a 
resistive load). 

It can be seen by comparing Fig.7 
with Fig.5 that the ripple for a full- 
wave circuit is about half that of the 
half-wave circuit. This is because the 


V ipple( HW) = 
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capacitor discharges for half the time 
before charging again. The approximate 
formula for full-wave ripple is: 


I 
V appre FW) — re 


There was some discussion about 
the smoothing capacitors used in the 
circuits discussed in the Chat Zone 
thread. The specification discussed 
was I = 8A, using 60Hz mains and a 
capacitor of 64000uF, which gives a 
(full-wave) ripple of about 1A. Using 
a much lower capacitance of 2000uF, 
the formula gives a ripple value 
larger than the peak AC voltage (33V 
as opposed to about 17V peak AV 
for a 12V transformer secondary). 
This indicates that a capacitor of this 
value would fully discharge during 
the AC half cycle and therefore fail 
to provide adequate smoothing. The 
possibility that the 2000uF capacitor 
may be too small was raised by thread 
contributors james and armadillo. 


CONTROL 


Fig.8. Series regulator concept 


Regulating the voltage 
For linear series regulators — which is 
the type of regulator circuit discussed 
by dave_g, james and others in the Chat 
Zone thread — the concept of operation 
is illustrated in Fig.8. The regulator 
compares the output voltages with 
an internal fixed reference, V,.,, and 
adjusts the effective series resistance, 
Ry, between its input and output so 
that V, is at the required voltage. For 
example, if V, increases with the load 
constant, then R, must increase to drop 
the increased V; to V, difference. If the 
current demanded by the load increases 
with V, constant, then R,; must decrease, 
so the voltage dropped remains the 
same. In practice, the ‘series resistor’ 
(or series element) shown in Fig.8 is a 
transistor circuit — there are a number 
of possibilities, but both Dave_g and 
james use P-channel MOSFETs. 

With reference to Fig.1 and Fig.8 
there are a number of characteristics 
we can define for series regulators. 


Load regulation 

If the load current (J,) varies, V, should 
remain constant, but in practice it will 
vary to some extent. The load regulation 
can be defined in terms of the ratio of 
change in V, (written AV, ‘delta V,’) 
produced by a change in I, (AI,) 


Load regulation = AV, 
AI 


oO 
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This value is actually a resistance 
(voltage divided by current), which is 
the effective output resistance of the 
regulator (measured in ohms). Load 
regulation can also be expressed as 
the change in output voltage (AV,) for 
some specified change in load current 
(typically a change from no load to 
maximum load) divided by the nominal 
or mean regulated output voltage, V,. 


Load regulation = a 


This can be stated as a fractional 
value (eg, 0.002) or multiplied by 100 
to give a per centage (eg, 0.2%). 


Line regulation and ripple 
rejection 
If the input voltage (V,) varies, V, 
should remain constant, but in practice 
it will vary to some extent. The line 
regulation is defined in terms of the 
ratio of change in V, (AV,) produced 
by a change in V;, (AVj). 

Line regulation = AV, 

AV, 


This can be stated as a fractional value 
or percentage. The line regulation can 
also be expressed as a percentage of the 
nominal regulated output voltage (V,), 
in which case it is defined as follows 
and measured in %/V (percent per volt). 


AV, 100 


Line regulation = 


oO 1 


At first sight it might seem that line 
regulation would indicate how well 
the regulator coped with ripple due to 
imperfect smoothing of the rectified AC. 
This is not strictly correct because line 
regulation is defined for DC conditions 
— specifically, the implication is that 
the input is changed by AV, and the 
regulator has time to fully settle to a 
new V, before AV, is measured. For 
this reason, another parameter — ripple 
rejection — can be used to characterise 
how well the regulator avoids passing 
AC components of its input through to 
its output. 


j was Vi. 
Ripple rejection = —2iPele 


i,ripple 


Ripple rejection in dB = 20log Vosrpple 


i,ripple 


Ripple rejection varies with 
frequency. At low _ frequencies 
(probably including the mains 


frequency) the value will correspond 
with the line rejection. This is the 
main concern in our discussion, but 
ripple rejection typically decreases 
significantly at high frequencies, 
which is of importance if a linear 
regulator is driven from a switching 
regulator that has high frequency 
noise on its output. 


Line regulation is typically stated 
as a percentage. For example, if the 
line regulation was 0.2%, then a 
1V input step change would cause 
an output voltage change of 2mV. 
Ripple rejection is typically stated 
in decibels. A regulator with 55dB 
of ripple rejection would have about 
1.8mV of ripple on its output with 1V 
ripple on its input (1V/10°°/°) 


Dropout voltage 
For the regulator to work, V, must be 
larger than V,, so that some voltage 
can be dropped over the series element 
(transistor(s) in a real circuit, R, in Fig.2). 
The dropout voltage is the minimum 
value of V, at which the regulator 
functions correctly. For very low V,, the 
regulator’s output will probably be zero. 
If V; is increased from zero, then at some 
point V, will typically start to ramp up 
linearly until V; reaches the dropout 
voltage, at which point V, will stabilise 
at the regulated value. 

A good regulator may be able to have 
a relatively large amount of ripple on 
its input voltage and still provide an 
acceptably small ripple on its output. 
However, if the ripple waveform takes 
the input voltage below the regulator’s 
dropout voltage it will no longer 
regulate and its ‘good’ ripple rejection 
capability will no longer apply. 
Under such conditions the ripple on 
the output of the regulator may be 
unacceptably large. 


Power dissipation 

The regulator dissipates power due 
to the voltage drop across the series 
pass element. The power is given by 
voltage drop times the current: 


Py = (V, -V,)I, 


The ground current will also 
contribute some power dissipation, but 
in most cases it will be much smaller 
than the power dissipated by the 
series element. We can write the full 
dissipation as: 


P, =(V, -V, JI, +ViT, 


If the input to output voltage 
difference is large, then a linear 
regulator can dissipate a lot of power. 


Efficiency 

The efficiency of the regulator is 
the ratio between the output power 
delivered to the load (P, = V,J,) and the 
total power dissipated in the system, 
which, ignoring the ground current, is: 


Efficiency = ee 
to) + Py 


| Veo me 
Vile Volte. V; 


I 


Everyday Practical Electronics, October 2014 


This shows that the closer V,; is to V, the 
more efficient the regulator will be. However, 
remember that this difference must be larger than 
the dropout voltage. Regulators with relatively 
small dropout voltages can therefore achieve 
higher efficiencies, that is, as long as they are 
operated with their inputs not too far above the 
dropout voltage. 

The term ‘low drop out’ (LDO) is used for 
regulators with this characteristic. Use of 
MOSFETS as the series element (as in the 
Chat Zone circuits) leads to lower drop out 
than some other common approaches, such 
as an NPN Darlington circuit. However, LDO 
regulators are typically more likely to suffer 
from stability problems and we will discuss 
stability next month. 
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AVING whetted your appetite 
[Al for a colour graphics LCD dis- 

play in the August issue, it’s 
now time to hook one up to our devel- 
opment board and have some fun! 

The purpose of this article is to add 
SPI bus communication capability to 
our development board template source 
code, and to show it off by driving a 
cheap graphics LCD display. Specifi- 
cally, we are going to recreate the oscil- 
loscope demo first shown in the August 
issue. This won’t be a functioning oscil- 
loscope, just a demonstration of the SPI 
bus interface and LCD display capabili- 
ties. For those of you who are thinking 
— ‘That’s a cheat! It’s not a real oscillo- 
scope!’ — well spotted. We cannot per- 
form any useful measurements without 
an analogue input, and we will address 
that over the coming months as we add 
analogue-to-digital conversion capabil- 
ity; so who knows, perhaps this will be- 
come a real oscilloscope! 

The LCD we are using is a lovely 
little 1.8-inch display, running from a 
single 3V supply with an SPI interface. 
It has a powerful controller on board, 
with a RAM buffer for the 160 x 128 co- 
lour pixels, each of which can be set to 
one of 200,0000 colours (although we 
opted for a simpler 16-bit interface giv- 
ing 65,000 colours.) 


SPI MODE 


| 
D7 (D6 A D5, D4 D3 4 D2XD1 X DO 
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set HIGH FOR A DATA BYTE WRITE oe 
| 
| 
| 
| 
i 


fl | 
r sy 7 
COMMAND OPTIONAL 
GAP 


DATA BITS ARE LATCHED INTO THE LCD 


COMMAND/PARAMETER 


MODULE WHEN SCL GOES FROM LOW TO HIGH 


Fig.2. LCD signal timing diagram 


On this module, the controller is 
mounted on a flexible circuit board 
that is glued to the glass. The flexible 
circuit board is designed to be heat- 
bonded to a printed circuit board, a 
technique obviously beyond most 
hobbyists. Thankfully, this module 
comes complete with a carrier board 
that provides a simple, standard 0.1- 
inch SIL header — so it fits on a nor- 
mal breadboard. Ours came from an 
unknown manufacturer, purchased on 
eBay. It’s still available via the supplier 


SIGNAL DIAGRAM 


Fig.1. SPI signal timing diagram 
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moonriver1980, for just £3.62 includ- 
ing postage and packaging: http://goo. 
gl/kM4om4. A similar (although more 
expensive) display module can be pur- 
chased from Adafruit: www.adafruit. 
com/products/358. We bought ours on 
eBay, and although the delivery took 
several weeks, we were happy with 
the results. Now, let’s hook it up to our 
development board. 


Board pinouts - note 

With the success of our ‘LPLC devel- 
opment board’ on Kickstarter, there 
are now probably more LPLC boards 
in the wild than handmade Pic’n’Mix 
development boards. From next 
month, our circuit diagrams and lay- 
outs will refer to the development 
board as ‘the LPLC board’, and show 
wiring diagrams based on that board’s 
pin out rather than the original design. 
They are virtually identical — the only 
difference is that pins 13 and 14 on 
the original development board are 
moved to pins 11 and 12 on the LPLC. 
Just keep that in mind and you'll be 
fine. Since the LPC is a professionally 
manufactured board, it is somewhat 
more photogenic, and better suited to 
appearing in the magazine! 

So, back to the SPI bus. This month’s 
project is an engineering challenge in 
two parts: implementing the generic 
‘driver’ routines for the SPI bus proto- 
col, and implementing the SPI-based 
commands required for the device. 
The first step is complicated by the 
fact that the SPI bus specification has 
a number of operational modes, CPOL 
and CPHA (based historically on dif- 
ferent vendors implementations) al- 
lowing for four possible permutations. 
You can see these in Fig.1. 
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SPI bus permutations 

CPOL specifies the ‘inactive’ polarity 
of the SPI bus clock signal. It also af- 
fects whether the microcontroller or 
slave device reads data bits in when 
the clock signal changes from 0 to 1 
(CPOL=0) or 1 to 0 (CPOL=1). 

CPHA specifies the phase of the sig- 
nal, essentially changing which edge 
of the clock data bits are read in on 
when CPHA=1. 

So, which permutation do we need 
for our LCD? Taking a look at the data- 
sheet we find the LCD’s timing diagram 
as shown in Fig.2. We can see that the 
clock signal (called SCL in this data- 
sheet) starts off low, corresponding to 
CPOL=0. We can also see that the data 
bits are latched in on the low-to-high 
transition, meaning CPHA=0. This is 
the most common format, so it’s no 
great surprise. 

The LCD has eight connections in 
total (fewer than the simple character 
LCDs we are used to) as you can see in 
Fig.3. There are the usual power and 
ground signals, a separate input for 
the backlight power and five control 
signals. These displays have internal 
voltage regulators, so there is no need 
for an external contrast resistor, which 
is a welcome improvement. The days 
of hooking up and tuning a preset re- 
sistor are gone. 


The five control signals are as follows: 


RESET - Similar to a processor reset 
signal; puts the LCD control- 
ler IC back into a known de- 
fault state. 


SCL- The data clock input signal 

SDA - The serial data input signal 

D/Cx- Indicates whether the byte 
to be transferred is a data or 
command byte 

CSx- Chip Select signal, used to 


remove the chip from the SPI 
bus, so other devices can talk 
on it. 


These are all standard signals. The 
RESET and CSx signals are driven 
from GPIO pins, and the other three 
can be driven directly by the SPI 
peripheral on the processor, if you 
choose to use it. 


Peripheral or bit-bash? 

We now have a decision to make: do 
we configure the on-chip SPI bus pe- 
ripheral to control the LCD, or do we 
‘roll our own’ and bit-bash GPIO pins? 
Both approaches have their pluses and 
minuses. If we go with the peripheral, 
it may run faster, and will consume 
fewer processor cycles (ie, your pro- 
cessor can do other things while the 
bytes are being written to the display 
buffer). If we bit-bash, then we will 
know exactly what the processor is 
doing to the pins, and we can debug 
the program more easily. 

As this is the first time we have used 
this LCD module, and it has a com- 
plex sequence of byte writes required 
to initialise it, we will implement the 
‘bit-bashed’ approach. Once we have 
the display working correctly we can 
then look at implementing the faster 


Fig.3. Circuit diagram 


peripheral-based code — but only if 
necessary. If it works, you might just 
want to leave well alone. 


Creating the driver 

Now we understand how to control 
the signals to the LCD, let’s write the 
driver, the code module that will be 
responsible for writing to the LCD. 
It’s called a ‘driver’ because it ‘drives’ 
the signals connected to the LCD. It’s 
normal that a driver will do nothing 
other than control a particular device. 
For this reason, we are going to call 
the source code file that contains the 
driver code LCD-Graphic-ST7735s.c. 
The name is a bit long-winded, but it 
makes it very clear what it does — it’s a 
graphics LCD driver, for displays that 
use the ST7735s controller IC. A simi- 
larly named header file, LCD-Graphic- 
ST7735s.h, is included in any of your 
own ‘C’ files that use the driver. 


The source code for this month’s 
project can be found on the maga- 
zine website in the normal location, 
this month’s issue page under: www. 
epemag.com/projects.html. We are go- 
ing to draw out some of the more in- 
teresting points here though. We start 
with the definition of the pins used to 
control the LCD (see Code 1 below). 

That is another advantage when us- 
ing a bit-bashed driver; you can choose 
the pins you use, which can some- 
times make a big difference in the lay- 
out of a circuit board. Our choice was 
fairly arbitrary. 

The core of the SPI bus driver boils 
down to the piece of code labelled 
Code 2 below. 

I hope it is obvious that the data 
byte in variable da is having its indi- 
vidual bits, from the most significant 
bit (0x80) placed onto the serial data 
signal LCD_SDA, and then the clock 


Code 1: 

#define LCD_CS LATAbits.LA7 // The chip select signal 
#define LCD_AO LATCbits.LC2 // The Data/Command signal 
#define LCD_SDA LATCbits.LC5 // The data signal 

#define LCD_SCK LATCbits.LC3 // The clock signal 
#define LCD_REST LATAbits.LA6 // The Reset signal 

Code 2: 


{ 

LCD_SDA=(da 
LCD_SDA=(da 
LCD_SDA=(da 
LCD_SDA=(da 
LCD_SDA=(da 
LCD_SDA=(da 
LCD_SDA= (da 
LCD_SDA=(da 
} 
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void LCD_Writ_Bus(unsigned char da) 


3s DCD SCK = 0; LED SCK = Lg 
« LCD SCK = 0; LED: SCK = dy 
. BCD SCK = 0; BCD SCK = L; 
> LCD_SCK = 0; LCD_SCK = 1; 
— OD _SCK = 0; ECD SCK = Ly 
; LCD_SCK = 0; LCD SCK = i, 
+ LCD_.SCK = ‘0; LCD_SCK = 1; 
7 hED SCK = 0; Hep sce = 1 


Fig.4. Oscilloscope display 


signal is toggled. We run this at the 
maximum rate possible (ie, there are 
no extra delays added) as this is still 
slower than the maximum rate at 
which the display may be clocked. If 
we had used the hardware peripheral, 
we would have needed to be more 
careful, as our processor would run 
faster. For now, it’s not something we 
need to worry about. 

That essentially completes the SPI 
driver, at least for writing to the dis- 
play. Pins have to be configured as 
outputs and set to the correct default 
level, but that is straightforward. The 
more complicated parts lie ahead, 
however. Initialising the LCD, and 
writing to the display. 

The information about how to use an 
LCD module comes from two sources: 
the manufacturer of the controller IC, 
and the manufacturer of the PCB it is 
connected to. These are normally two 
different companies, and the glass itself 
is manufactured by a third (although as 
software engineers we rarely need to 
know about the glass specification.) 

LCD modules consist of three main 
components: the glass, the controller IC 
(sometimes bonded to the glass itself) 
and a printed circuit board to which the 
glass is connected. The PCB provides 
the power supply, configuration and de- 
coupling components, plus a hobbyist- 
friendly connector. There is normally a 
fine pitch connector between the glass 
and the PCB, which is impossible for 
hobbyists to use, so the PCB is essen- 
tial. We look to the PCB manufacturer 
to tell us what the pinout of the con- 
nector is, and we look to the controller 
IC manufacturer to explain how to use 
the controller. On our board, the former 
is printed on the PCB, and the latter is 
supplied as a 198-page datasheet. 


Unreadable datasheets 

The datasheet is long, and it’s compli- 
cated. Probably not an issue if you have 
written half a dozen LCD drivers this 
year, but for us hobbyists this is a prob- 
lem. Thankfully, ‘sample code’ comes 
to our rescue. The module manufac- 
turer normally provides sample code, 
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or you can search for code written for 
the specific controller IC, if you know 
it. If the module manufacturer does 
not supply code, and there is no infor- 
mation about the controller IC, you are 
in trouble — avoid such displays! Ours 
came with a data sheet and sample 
code, but we didn’t purchase one until 
we could confirm that code was avail- 
able from other sources — don’t expect 
the manufacturer to provide code for 
your specific processor; ours was writ- 
ten for an 8051 processor. Having code 
from another source gives you the 
chance to compare approaches, before 
writing your own. The initialisation 
sequence required 70 operations, so 
examples were essential. 

Writing to the display is quite sim- 
ple. A short routine writes the X and Y 
coordinates to the controller and you 
then write the 16-bit colour value for 
that pixel. Line, circle and rectangle 
primitives were then built upon this 
principle. 

You also need to write your own text 
routines, if you plan to display text. 


Unlike the 2x16 character displays we 
are more used to, these are graphics 
displays and provide no text support 
at all — your code must include the 
font for any text you wish to display. 
On the plus side, you get to choose 
whatever font you want, and there are 
plenty available for free on the Inter- 
net. We went with the standard 5x7 
font for simplicity. 

The oscilloscope display shown in 
Fig.4 was made through a combination 
of now-standard driver calls, plus a 
hand created ‘image’ of the waveform. 
Hopefully, we will be able to bring this 
to life in a subsequent article! 


Next month 

We leave the SPI driver incomplete 
next month as we move briefly onto 
the analogue-to-digital converter, and 
experiment with measuring tempera- 
ture. We will return later to create a 
standalone SPI driver and add the SPI 
bus ‘read’ functionality. 


In the mix 

I took a break from writing last week- 
end to attend the Dublin Maker Fair, 
a one-day event ‘showcasing the in- 
vention, creativity and resourceful- 
ness of the maker movement’ — in 
other words, hobbyists sharing their 
creations. From robotic sewing ma- 
chines to newspaper baskets, ani- 
mated dragon heads and homemade 
musical instruments, it was a won- 
derful event, and great to see young- 
sters learning to solder for the first 
time. In the tent next to us were a 
group of academics with a machine 
equipped with a dozen syringes con- 
trolled by servomotors; we never did 
find out what it was for! These Maker 
Fairs are appearing in most major cit- 
ies now, so do look out for one if you 
haven’t been — they are yearly events 
the world over. We’re hooked! 

Not all of Mike’s technology tinker- 
ing and discussion makes it to print. 
You can follow the rest of it on Twitter 
at @MikeHibbett, and from his blog at 
mjhdesigns.com 


Fig.5. Dublin Maker Fair demo: ‘And this?’, he asked, pointing to the processor. ‘This 
makes it do stuff!’ (It's actually a Microfluidic DNA synthesizer). 
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ELECTRONICS CD-ROMS 


ELECTRONICS 


TEACH-IN 2 


ELECTRONICS TEACH-IN 2 CD-ROM 

USING PIC MICROCONTROLLERS A PRACTICAL 
INTRODUCTION 

This Teach-In series of articles was originally published 
in EPE in 2008 and, following demand from readers, has 
now been collected together in the Electronics Teach-In 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a host of practical 
programming and interfacing information, mainly for 
those that have already got to grips with using PIC 
microcontrollers. An extra four part beginners guide to using 
the C programing language for PIC microcontrollers is also 
included. 

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip — the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 


Order code ETI2 CD-ROM £9.50 
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ELECTRONICS TEACH-IN 3 CD-ROM 


The three sections of this CD-ROM cover a very wide range of 
subjects that will interest everyone involved in electronics, from 
hobbyists and students to professionals. The first 80-odd pages 
of Teach-In 3 are dedicated to Circuit Surgery, the regular EPE 
clinic dealing with readers’ queries on circuit design problems 
— from voltage regulation to using SPICE circuit simulation 
software. 

The second section — Practically Speaking — covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 
Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 circuit designs submitted by the readers of EPE. 

The CD-ROM also contains the complete Electronics 
Teach-In 1 book, which provides a broad-based introduction 
to electronics in PDF form, plus interactive quizzes to test your 
knowledge, TINA circuit simulation software (a limited version — 
plus a specially written TINA Tutorial). 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 


simulate on your PC. 
Order code ETI3 CD-ROM Bx:-{0) 
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SPECIAL BUNDLE PRICE £14 FOR PARTS 1, 2 & 3 
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Order code ETIBUNDLE 
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ELECTRONICS TEACH-IN 4 CD-ROM 


A Broad-Based Introduction to Electronics. 
The Teach-In 4 CD-ROM covers three of the most important 
electronics units that are currently studied in many schools and 
colleges. These include, Edexcel BTEC level 2 awards and the 
electronics units of the new Diploma in Engineering, Level 2. 
The CD-ROM also contains the full Modern Electronics 
Manual, worth £29.95. The Manual contains over 800 pages 
of electronics theory, projects, data, assembly instructions 
and web links. 
A package of exceptional value that will appeal to all those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


Order code ETI4 CD-ROM BRs:%:f) 
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FLOWCODE & 


Now you can develop complex electronic and electromechanical systems with ease 


Flowcode is one of the world’s most advanced environments for 
electronic and electromechanical system development. Engineers 
use Flowcode to develop systems for control and measurement 
based on microcontrollers, on rugged industrial interfaces or on 
Windows compable personal computers 
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PiCmicro TUTORIALS AND PROGRAMMING 


PiCmicro Multiprogrammer 
Board and Development Board 


Suitable for use with the three software packages 


listed below 


This flexible PICmicro microcontroller programmer board and 
combination board allows students and professional engineers 
to learn how to program PlCmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40 pin devices from the 12, 16 
and 18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the MLoader utility that 
is free to download when you buy the multiprogrammer board. 
For those who want to learn, choose one or all of the packages 


below to use with the hardware. 


e Makes it easier to develop PlCmicro projects 

e Supports low cost Flash-programmable PlCmicro devices 

e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 

e Supports PlCmicro microcontrollers with A/D converters 

e Fully protected expansion bus for project work 


e USB programmable 


e Compatible with the E-blocks range of accessories 


ASSEMBLY FOR PiCmicro 
V5 


(Formerly PiCtutor) 

Assembly for PlCmicro microcontrollers V3.0 
(previously known as PICtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

e@ Comprehensive instruction through 45 tutorial 
sections @ Includes Vliab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator @ 
Tests, exercises and projects covering a wide 
range of PlICmicro MCU applications @ Includes 
MPLAB assembler @ Visual representation of a 
PlCmicro showing architecture and functions e 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
@ Imports MPASM files. 
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PRICES 


Prices for each of the CD-ROMs above are: 
See previous page for Flowcode Hobbyist/Student prices 
(Order form on next page) 


(UK and EU customers add VAT to ‘plus VAT’ prices) 


HARDWARE 


£167 including VAT and postage, supplied with USB 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 5 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PiCmicro devices — including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PiCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers @ 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PlCmicro devices @ Includes 
full Integrated Development Environment @ 
Includes MPLAB software @ Compatible with most 
PiCmicro programmers @ Includes a compiler for 
all the PICmicro devices. 
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Winimum system requirements for these 
items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 

hard disk space. 
Flowcode will run on XP or later 


cable and free to download programming software 


FLOWCODE FOR PiCmicro 
V6 (see opposite page) 
Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 

program chips in minutes. 


@ Requires no programming experience 

@ Allows complex PlCmicro applications to be 
designed quickly 

e Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 
speeds up the development process. 

® Facilitates learning via a full suite of 
demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 
40-pin devices 

® 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

e@ 12C. 


Features include panel creator, in circuit debug, 
virtual networks, C code customisation, floating 
point and new components. The Hobbyist/Student 
version is limited to 4K of code (8K on 18F devices) 
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HobbyistStudemte. ccs ete ene eteneters etsterctelete oveteue £58.80 inc VAT 
Professional (Schools/HE/FE/Industry)............ £150 plus VAT 
Professional 10 user (Network Licence) ........... £499 plus VAT 
Site IGEN Ce yearreiscerane tenet lakeeleleletelarsverayeyeveys entire £999 plus VAT 
Flowcode 10 user (Network Licence).............. POA plus VAT 
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CIRCUIT WIZARD 


Circuit Wizard is a revolutionary software system that 
combines circuit design, PCB design, simulation and 
CAD/CAM manufacture in one complete package. 
Two versions are available, Standard or Professional. 


By integrating the entire design process, Circuit Wizard provides 
you with all the tools necessary to produce an electronics project 
from start to finish — even including on-screen testing of the PCB 
prior to construction! 


* Circuit diagram design with component library (500 components 
Standard, 1500 components Professional) * Virtual instruments 

(4 Standard, 7 professional) * On-screen animation * Interactive 
circuit diagram simulation * True analogue/digital simulation 
* Simulation of component destruction * PCB Layout * Interactive 
PCB layout simulation * Automatic PCB routing * Gerber export 
* Multi-level zoom (25% to 1000%) * Multiple undo and redo 
* Copy and paste to other software * Multiple document support 


This software can be used with the Jump Start and 
Teach-In 2011 series (and the Teach-In 4 book). 


Standard £61.25 inc. VAT Professional £91.90 inc. VAT 


CD-ROM ORDER FORM 


Version required: 

O Hobbyist/Student 

O Professional 

O Professional 10 user 
O Site licence 


Please send me: 


C1 Assembly for PICmicro V5 
LX ‘C’ for 16 Series PlCmicro V5 


C1 Flowcode for PlICmicro V6 (DOWNLOAD ONLY) 
LI Flowcode for AVR V6 (DOWNLOAD ONLY) 

C1 Flowcode for ARM V6 (DOWNLOAD ONLY) 

C1 Flowcode for dsPIC V6 (DOWNLOAD ONLY) 

CI Flowcode for PIC24 V6 (DOWNLOAD ONLY) 

0 Flowkit 


Note: The software on each version is the same, only the licence for use varies. 


poor) 


ES ES 


Version required: 
O Chip pack (Hobbyist/Student) 
O Pro pack (Schools/HE/FE/Ind.) 


LO) PilCmicro Multiprogrammer Board and Development Board V4 (hardware) 


GCSE; 
[AVACGUTBRORUGS 


Suitable for any student who is serious about studying and 
who wants to achieve the best grade possible. Each program's 
clear, patient and structured delivery will aid understanding of 

electronics and assist in developing a confident approach to 
answering GCSE questions. The CD-ROM will be invaluable to 
anyone studying electronics, not just GCSE students. 


* Contains comprehensive teaching material to cover 
the National Curriculum syllabus * Regular exercises 
reinforce the teaching points * Retains student interest 
with high quality animation and graphics * Stimulates 
learning through interactive exercises * Provides sample 
examination ques-tions with model solutions * Authored 
by practising teachers * Covers all UK examination board 
syllabuses * Caters for all levels of ability * Useful for self- 
tuition and revision 


Electric Circuits — Logic Gates — Capacitors & Inductors — Relays 
— Transistors — Electric Transducers — Operational Amplifiers — 
Radio Circuits — Test Instruments 


Over 100 different sections under the above headings 


wine T 


UCCESS 


; iTt 
EDULE AVIGRAL St 
QNICS 
a” 


aA a 


Minimum system requirements for these CD- 
ROMs: Pentium PC, CD-ROM drive, 32MB 
RAM, 10MB hard disk space. Windows 2000/ 
ME/XP, mouse, sound card, web browser. 


ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard/Hobbyist 
Version price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for 
airmail postage per order 


Professional, Multiple User and_ Site 
License Versions — overseas readers add 
£5 to the basic price of each order for airmail 
postage (do not add VAT unless you live in an 
EU (European Union) country, then add VAT 
at 20% or provide your official VAT registration 


C1 Circuit Wizard — Standard O Teach-In 2 
C1 Circuit Wizard — Professional a aeecia dl : nemns0) 
O E El i a 
GCSE Plestanics O Teach-In Bundle Send your order to: 
: Direct Book Service 
FRU AITEN SS er eae Secretar sapiens ep erced ccken atts Sunes eezvedsy ean sige te alontnr Ss apy Hake aecceate aun aaeeyarane Wimborne Publishing Ltd 
AdONOSS?. 3 evcciecaons odie wnie wi eandereseeded otad ede neee. wag Grades wees 113 Lynwood Drive, Merley, 
: Post code: Tel. No Wimborne, Dorset BH21 1UU 
To order by phone ring 
SIGNAUIEl see eedeewewe debe Geredsdee db ketedeehins 


Valid From:.......... Card expiry date:............. 
GAN CING 3 2a ce dics eres otto ies apa tapayiuaritols chevensisn antl etenessreseiagate Maestro Issue No. ......... 
Card Security Code.......... (The last 3 digits on or just under the signature strip) 
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01202 880299. Fax: 01202 843233 


Goods are normally sent within seven days 
E-mail: orders@wimborne.co.uk 
Online shop: 


www.epemag.com 
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Get the answer you’ve been 
looking for 


Vist the EPE Chat Zone 
www.epemag.com 


All the power of the Arduino in a fraction of the space, great 
for building intelligence in to your projects. 


meeme’ Complete with a wide and growing range 
of TinyShields - where will your next 
project take you? 


Move up to the Next Generation! 


Fantastic for schools especially D&T and 
Computing, meets the new requirements 


ol As an authorised reseller with an educational and 
re, training focus we can support all aspects of this 
' outstanding piece of kit! 


Get yours today via our eShop 
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pico 


Technology 


PicoScope 


PC-OSCILLOSCOPES 


For every application there’s a PicoScope 
¢ Bandwidth from 5 MHz to 1 GHz 
¢ Sampling from 10 MS/s to 5 GS/s 
¢ Memory from 8 ks to 2 GS 


PICOSCOPE 
6000 SERIES 


Ultimate performance, 
now USB 3.0 


PICOSCOPE 
5000 SERIES 


Flexible resolution 
oscilloscopes 


PICOSCOPE 


4824 
8 Channels, 
high resolution 


PICOSCOPE 
3400 SERIES 


High-performance 
oscilloscopes 


AANAAAAANNAANAAD 


Se Nae Noe NIA ~ AON ve 


www.eshop.icsat.co.uk 


ODELS INCLUDE FULL SOFTWARE AND 5 YEAR WARRANTY. 

/ARE INCLUDES MEASUREMENTS, SPECTRUM ANALYZER, SDK, 

\NCED TRIGGERS, COLOR PERSISTENCE, SERIAL DECODING 

LIN, RS232, I2C, |2S, FLEXRAY, SPI), MASKS, MATH CHANNELS, 
ALL AS STANDARD, WITH FREE UPDATES. 


www.picotech.com/PS354 
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Well, what can I say? As usual, my head is spinning 
like a top because I am juggling so many balls in the air. 
The problem being that I can’t juggle. Actually, that’s 
not strictly true — I can juggle six fine china plates, but 
only for a very short period of time. 


Current projects 

For my last few columns I’ve been waffling on about my 
‘Bodacious Acoustic Diagnostic Astoundingly Superior 
Spectromatic’ (BADASS) display project. This is com- 
ing along in leaps and bounds, but now my attention 
is being dragged elsewhere. The thing is, I am easily 
distracted (oooh, shiny!). This explains why, in addi- 
tion to all of my existing projects, I’ve recently added 
two more to the pile. 

But before we talk about these new projects, let me 
bring you up to date with the current state of play. In 
addition to my BADASS display, my other big hobby is 
my ‘Pedagogical and Phantasmagorical Inamorata Prog- 
nostication Engine’ where we understand pedagogical 
= educational; phantasmagorical = pretty darned fantas- 
tic; inamorata = the woman one loves; and prognostica- 
tion = the foretelling or prophesying of future events. 

The idea is to construct an engine that can tell me 
whether or not the radiance of my wife’s smile will fall 
upon me on any particular day. Of course, if she ever 
discovers exactly what it is that ’m building, then I 
don’t think I'll need a prognostication engine to deter- 
mine her mood of the moment. 

This is all based on a ‘Man vs. Woman’ image I first 
saw on the Internet years ago (http://bit.ly/1hvRvHv). Of 
course, my prognostication engine is going to be a much 
more splendiferous affair. The control panels are 1/10- 
inch brass sheets that are going to be festooned with an- 
tique knobs and dials and switches and so forth. I’m par- 
ticularly proud of the five potentiometers that are used 
to establish the original characteristics associated with 
one’s inamorata, such as the ‘Overall Demeanor’ control, 
which ranges from ‘Happy-go-Lucky’ to ‘Be Afraid, Be 
Very Afraid’ (all annotations on the panels are, of course, 


By Max The Magnificent 


going to be in Elvish script in order to protect the inno- 
cent; ie, yours truly). The thing is, these potentiometers 
are motorised, so if anyone should disagree with my 
original settings and tries to modify them, the other po- 
tentiometers will automatically change to balance things 
out (later on, when no one is looking, they will surrepti- 
tiously return to their original settings). 

Another feature of the control panels is the use of an- 
tique analogue meters with black Bakelite rims, which 
look superb on the brass panels. The largest of these 
will be used to reflect the entire range of female emo- 
tion, all the way from ‘Extremely Disgruntled’ to ‘Fully 
Gruntled.’ 


Boxed up 
But I digress... the pseudo electronic equipment in the 
original ‘Man vs. Woman’ image had a small ‘Man’ area 
and a larger ‘Woman’ area. In my case, the ‘Woman’ por- 
tion of the system in the form of my Inamorata Prognosti- 
cation Engine is going to be housed in a beautiful antique 
wooden radio cabinet from 1929 (an image of this cabinet 
was shown in my Cool Beans column in the May 2014 
issue of EPE). I always intended for the ‘Man’ portion of 
the system — the Ultra-Macho Prognostication Engine — 
to be housed in a separate wooden box that will sit on top 
of the radio cabinet. The problem being that I want this 
box to match the look-and-feel of the radio cabinet. I’ve 
been looking for such a box for ages without any luck, 
until... a few months ago when I met a couple of guys 
called Bob and Philip who are experts at restoring and/or 
recreating antique furniture. They’ve agreed to make the 
box for me, so the Ultra-Macho Prognostication Engine 
project is now going full steam ahead (pun intended). 
As part of this, I just had the brass panels for the Ultra- 
Macho Prognostication Engine cut with a water jet. The 
panels just came back from the machine shop and they 
are beautiful — as you can see in the photograph below 
(ignore the sticky tape holding everything together!). 
Don’t worry about the smaller elements — I’ll explain 
how everything goes together in a future column. The 


The brass panels just back from the machine shop 
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Ultra-Macho Prognostication Engine’s main front panel 
is the curvy-shaped one on the right-hand side of this 
photograph. This will house the main ‘On/Off’ switch 
and a corresponding ‘On/Off’ light. It will also 
house a large analogue meter and a pseudo- 
coal-powered furnace. Meanwhile, the 
large rectangular panel on the left of 
this image is going to be mounted on 
the top of the Ultra-Macho Prog- 
nostication Engine (both panels 
will be recessed into the wood- 
en cabinet). Sticking out of this 
top panel will be five humon- 
gous vacuum tubes, each of 
which will be illuminated by 
tri-colored LEDs (check out 
the YouTube video of my early 
experiments _http://youtu.be/ 
fEiMIxZCVpA). 
The bottom line is that my 
BADASS Display, Inamorata 
Prognostication Engine, and Ultra- 
Macho Prognostication Engine proj- 
ects are keeping me more than busy, so 
the last thing I need is any more projects. 
But then my chum Steve Manley in England 
started building himself an 8 x 8 x 8 3D tri-colored 
LED cube. Even worse, he emailed me pictures showing 
how cool it looks. I’ve only got a 4 x 4 x 4 cube. Now I 
want an 8 x 8 x 8 cube. Icouldn’t help myself—Iam aman 


CRICKLEWOOD 
ELEC TRONICS 


Established 1981 


Frustrated with your supplier? 
Visit our component packed 
website for a vast range of 
parts - old and new, 

many unavailable elsewhere! 
www.cricklewoodelectronics.com 


S theneszes 


1000’s OF PRICES REDUCED! 
Alternatively phone us on 


020 8452 0161 with your 
. requirements. 


Visit our Shop, Call or Buy online at: 
www.cricklewoodelectronics.com 


QAO) SAS 2 Oleh see 
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with little self-control when it comes to flashing LEDs... 
I just ordered 512 NeoPixels (plus a few spares) from 
Adafruit (www.adafruit.com/products/1734). 


More is more! 
But wait, there’s more! Another chum 
— Mike Field (aka ‘The Mighty Ham- 
ster’) who hails from New Zealand 
— just shared a project idea he’s 
been toying with. He’s thinking 
of creating an Arduino-pow- 
ered clock that uses antique 
analogue meters to display 
the hours, minutes, and sec- 
onds. Oooh — this sounds 
rather cool, but we can make 
it even cooler — for example, 
we could add more meters 
reflecting things like the day 
of the month and the phase of 
the moon and... we are limited 
only by our imaginations. 
By some strange quirk of fate, 
a local annual Hamfest (www. 
hamfest.org) will be taking place in 
a couple of weeks as I pen these words. 
When I visited the Hamfest last year, I picked 
up several of these old meters. It looks like I will be on 
the hunt for a load more this year — keep your fingers 
crossed for me. Until next time, have a good one! 


Ay Deveron Electronics 


Audio Transducers 
Cable and Wire 
Capacitors 
Cases and Enclosures 
Chokes and Inductors 
Filters and Suppression 
Fuses and Protection 
Hardware 
Knobs and Indicators 
Leads and Connectors 
Microcontrollers 
Motors 
Optoelectronics 
PCB and Prototyping 
Power Sources 
Relays and Solenoids components, tools and 
Resistors hardware or download our 
| Semiconductors latest catalogue. 
Sensors eyes hiVeey = 
Switches 
en ee Call 0141 6288248 


or E-mail 


info@deveronelectronics.co.u 


www.deveronelectronics.co.uk 
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DIRECT BOOK SERVICE 


AN INTRODUCTION TO THE NEXUS 7 


This book is intended for the new user of the Nexus 7, al- 
though much of it will also apply to the Nexus 10. Itis easy to 
understand being written in plain English and avoiding techni- 
cal jargon wherever possible. 


Among the many useful topics covered are: An overview of the 
main features of the Nexus 7; setting up the Nexus 7; charg- 
ing the battery; connecting to the Internet and signing up for 
Gmail; touch-screen operation and navigating around the vari- 
ous screens; installing Apps from the Google Play Store; set- 
ting a password and other precautions to keep your files safe; 
connecting accessories such as a USB Drive, mouse and key- 
board; enjoying entertainment such as eBooks, games, mu- 
sic and videos; searching the Internet, including speaking in 
keywords; using e-mail, Skype and social networking; install- 
ing the free Google Drive app to save your documents in the 
cloud; using Google Docs free word processing and spread- 
sheet software; printing a document using Google Cloud Print, 
Exporting Nexus 7 files to laptop and desktop computers; and 
much more besides.... 


Even if you are a complete beginner, this book will help you 
to easily acquire the skills needed to understand and make 
the most of the Nexus 7. 


118 Pages 


Order code BP744 


£8.99 


Li ne 


eos 


Kindle 
Fire HDX 
Explained | 


bens 


Windows 81 ] 
Bein 


eR 
aa 


The books listed have been selected by 
Everyday Practical Electronics editorial 
staff as being of special interest to 
everyone involved in electronics and 
computing. They are supplied by mail 
order direct to your door. Full ordering 
details are given on the next page. 


FOR A FULL DESCRIPTION 
OF THESE BOOKS AND 
CD-ROMS SEE THE SHOP 
ON OUR WEBSITE 


www.epemag.com 


All prices include UK postage 


RASPBERRY PI 


RASPBERRY Pi MANUAL: A practical guide to 
the revolutionary small computer 


176 pages Order code H001 £17.99 
RASPBERRY Pi USER-GUIDE 

262 pages Order code JW001 £12.99 
PROGRAMMING THE RASPBERRY Pi 

192 pages Order code MGH4 £10.99 
GETTING STARTED WITH RASPBERRY Pi 

164 pages Order code ORO1 £11.50 
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NEW BOOKS 


KINDLE FIRE HDX EXPLAINED 


This book is written to help users get to grips, quickly and 
easily, with the amazing Kindle Fire HDX tablet. You will be 
guided through the configuration and use of the Kindle Fire 
HDxXs facilities and functions. This book was written using the 
7” HDX but it is also applicable to the 8.9” model. 


Among the many topics covered are: An overview of the Kin- 
dle Fire HDX. Charging and setting up, connecting to a Wi-Fi 
network, registering the device and connecting to Social Net- 
works; setting up and using the 1-Click Amazon account for 
buying and downloading books, music and other content that 
you have searched for. Explaining the use of the Carousel. 
Starting screen Apps. Web and Device settings and the May- 
day facility; browsing the web with Silk Internet explorer, us- 
ing Bookmarks and History, printing web pages, documents 
and messages; connecting to a server to send and receive e- 
mail messages, using and saving attachments. Creating and 
organising your Contacts and Calendar appointements; us- 
ing the Kindle Fire camera to take photos and videos. Watch- 
ing TV, listening to music you bought, imported and from the 
radio. Using the X-ray feature with books and other media; 
Using the OfficeSuite to view your documents, upgrading to 
OfficeSuite Professional 7 to allow both viewing and creation 
of Word documents. Excel spreadsheets and PowerPoint 
presentations. And more besides... 


This book will help you acquire the skills needed to under- 
stand and make the most of your Kindle Fire HDX. 


der code BP743 


118 Pages £8.99 


ELECTRONICS 


TEACH-IN 5 


ELECTRONICS TEACH-IN 5 


Jump Start — 15 design and build 
circuit projects dedicated to new- 
comers or those following courses 
in school and colleges. The projects 
are: Moisture Detector, Quiz Machine, Battery Voltage Check- 
er, Solar-Powered Charger, Versatile Theft Alarm, Spooky 
Circuits, Frost Alarm, Mini Christmas Lights, iPod Speaker, 
Logic Probe, DC Motor Controller, Egg Timer, Signal Injector 
Probe, Simple Radio Receiver, Temperature Alarm. 


PLUS: 


PIC’ N MIX - starting out with PIC Microcontrollers and PRAC- 
TICALLY SPEAKING -— the techniques of project construction. 


FREE CD-ROM - The free CD-ROM is the complete 
Teach-In 2 book providing a practical introduction to PIC 
Microprocessors plus MikroElektronika, Microchip and 
L-Tek PoScope software. 


Order code ETI5 


160 Pages £8.99 


MICROPROCESSORS 


INTERFACING PIC MICROCONTROLLERS 
Martin Bates 


298 pages 


PROGRAMMING 16-BIT PIC 
MICROCONTROLLERS IN C 

- LEARNING TO FLY THE PIC24 Lucio Di Jasio 
(Application Segments Manager, Microchip, USA) 


496 pages +CD-ROM £38.00 


Order code NE48 £30.99 


Order code NE45 


INTRODUCTION TO MICROPROCESSORS AND 
MICROCONTROLLERS - SECOND EDITION 
John Crisp 


222 pages Order code NE31 £29.99 
THE PIC MICROCONTROLLER 
YOUR PERSONAL INTRODUCTORY COURSE - 


THIRD EDITION. John Morton 


270 pages Order code NE36 £25.00 
PIC IN PRACTICE (2nd Edition) 

David W. Smith 

308 pages Order code NE39 £24.99 
MICROCONTROLLER COOKBOOK 

Mike James 

240 pages Order code NE26 £36.99 


WINDOWS 8.1 EXPLAINED 


Windows 8.1 is the latest version of Microsoft's operating 
system. It is installed on all new Windows Desktop. Laptop 
and X86 tablet computers and is also available as a free 
upgrade. Whether you choose to use the touch screen Tile 
interface or the mouse operated Desktop interface, a good 
working knowledge of the operating system is essential to 
get the most from your computer and this book will help you 
to do just that. 


The book applies to Windows 8.1, Windows 8.1 Pro and the 
vast majority of Windows 8.1 Enterprise. Also parts of the 
book should be applicable to windows RT 8.1 which is built 
on the same foundation as Windows 8.1 but is a restricted 
version designed specifically for ARM tablets. 


Among the many topic covered are: An overview of the Tile 
Interface, Desktop, Taskbar, Tray Notification Area, Charms 
bar and running Apps; managing Windows settings, per- 
sonalising your PC and creating User Accounts; using the 
Desktop File Explorer, SkyDive, Internet Explorer and the 
E-mail App; working with and organising digital photo- 
graphs, using Media Player to play and store music and to 
burn CDs and installing Media Center to play DVDs; con- 
necting to wireless networks, setting up a HomeGroup, 
sharing a printer and networked PCs; using mobility tools to 
keep your laptop running while away from home; accessibil- 
ity features should you have dexterity or eyesight problems; 
keeping your computer healthy and backing up important 
files; And much more besides..... 


180 Pages Order code BP747 


£10.99 


PROJECT 


CONSTRUCTION 


IC 555 PROJECTS 


E. A. Parr 

167 pages Order code BP44 £5.49 
ELECTRONIC PROJECT BUILDING 

FOR BEGINNERS R. A. Penfold 

135 pages Order code BP392 £5.99 
PRACTICAL FIBRE-OPTIC PROJECTS 

R. A. Penfold 

132 pages Order code BP374 £5.45 


THEORY AND 
REFERENCE 


PRACTICAL ELECTRONICS HANDBOOK - 
Fifth Edition. lan Sinclair 


440 pages Order code NE21 £32.50 


starting 
Electr ped 


Dee 


STARTING ELECTRONICS - 4th Edition 


Keith Brindley 
Order code NE100 £18.99 


296 pages 
ELECTRONIC CIRCUITS - FUNDAMENTALS & 
APPLICATIONS - Third Edition Mike Tooley 


400 pages Order code TF43 £25.99 


FUNDAMENTAL ELECTRICAL AND ELECTRONIC 
PRINCIPLES - Third Edition C.R. Robertson 


368 pages Order code TF47 £21.99 
A BEGINNER’S GUIDE TO TTL DIGITAL ICs 
R.A. Penfold 


142 pages OUT OF PRINT BP332 £5.45 
UNDERSTANDING ELECTRONIC CONTROL 
SYSTEMS 

Owen Bishop 

228 pages Order code NE35 £36.99 
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FAULT FINDING 
AND TEST 


EQUIPMENT 


GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 


Order code BP239 £5.49 


PRACTICAL ELECTRONIC FAULT FINDING AND 
TROUBLESHOOTING 


Robin Pain 
Order code NE22 £41.99 


96 pages 


274 pages 


HOW ELECTRONIC THINGS WORK - AND WHAT 
TO DO WHEN THEY DON’T 
Robert Goodman 


394 pages Order code MGH3 £21.99 


OSCILLOSCOPES - FIFTH EDITION 
lan Hickman 


288 pages Order code NE37 £36.99 


HOW TO USE OSCILLOSCOPES AND OTHER TEST 
EQUIPMENT 
R.A. Penfold 


Order code BP267 £5.49 


104 pages 


AUDIO & VIDEO 


VALVE AMPLIFIERS - Second Edition 


Morgan Jones 


Order code NE33 £40.99 


BUILDING VALVE AMPLIFIERS 
Morgan Jones 


288 pages 


368 pages Order code NE40 £29.00 
QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

60 pages Order code PC119 £7.45 


MAKING MUSIC WITH YOUR COMPUTER 
Stephen Bennett 


92 pages Order code PC120 £10.95 
QUICK GUIDE TO DIGITAL AUDIO RECORDING 
lan Waugh 

208 pages Order code PC121 £7.95 


ELECTRONIC PROJECTS FOR VIDEO 
ENTHUSIASTS 
R.A. Penfold 


Order code BP356 £5.45 


109 pages 


COMPUTING AND ROBOTICS 


NEWNES INTERFACING COMPANION 
Tony Fischer-Cripps 


Order code NE38 £41.00 


HOW TO BUILD A COMPUTER MADE EASY 
R.A. Penfold 


295 pages 


120 pages Order code BP707 £8.49 


EASY PC CASE MODDING 
R.A. Penfold 


192 pages + CDROM Order code BP542 £8.99 


FREE DOWNLOADS TO PEP-UP AND PROTECT 
YOUR PC 
R.A. Penfold 


128 pages Order code BP722 £7.99 


WINDOWS XP EXPLAINED 
N. Kantaris and P.R.M. Oliver 


264 pages Order code BP514 £7.99 


THE INTERNET - TWEAKS, TIPS AND TRICKS 
R. A. Penfold 


128 pages Order code BP721 £7.99 
eBAY - TWEAKS, TIPS AND TRICKS 


R. A. Penfold 
Order code BP716 £7.50 


AN INTRODUCTION TO eBAY FOR THE OLDER 
GENERATION 
Cherry Nixon 


120 pages 


128 pages 


Order code BP709 £8.49 


COMPUTING FOR THE OLDER GENERATION 


Jim Gatenby 
308 pages Order code BP601 £8.99 


ANDROIDS, ROBOTS AND ANIMATRONS 
Second Edition - John lovine 


224 pages £16.99 
ROBOT BUILDERS COOKBOOK 

Owen Bishop 

366 pages Order code NE46 £26.00 
INTRODUCING ROBOTICS WITH LEGO 
MINDSTORMS 

Robert Penfold 

288 pages + £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 


298 pages Order code BP902 £14.99 


HOW TO FIX YOUR PC PROBLEMS 


R. A. Penfold 
Order code BP705 £8.49 


128 pages 
WINDOWS 7 - TWEAKS, TIPS AND TRICKS 


Andrew Edney 
Order code BP708 £8.49 


GETTING STARTED IN COMPUTING FOR 
THE OLDER GENERATION 


Jim Gatenby 
Order code BP704 £8.49 


120 pages 


120 pages 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please 
add £3 per book. Surface mail can take up to 10 weeks to some countries. For the rest of the world 
airmail add £4 per book. CD-ROM prices include VAT and/or postage to anywhere in the world. Send 
a PO, cheque, international money order (£ sterling only) made payable to Direct Book Service or 
card details, Visa, Mastercard or Maestro to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING 
LIMITED, 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, DORSET BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. 
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists. 


For a full description of these books please see the shop on our website. 
Tel 01202 880299 Fax 01202 843233. E-mail: dbs@wimborne.co.uk 


Order from our online shop at: www.epemag.com 


BOOK ORDER FORM 
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PCB SERVICE 


“ Seay 
CHECK US OUT ON THE WEB 75;"":: 


Basic printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, 
and are drilled and roller tinned, but all holes are a standard size. They are not 
silk-screened, nor do they have solder resist. Double-sided boards are NOT 
plated through hole and will require ‘vias’ and some components soldering 
to both sides. * NOTE: PCBs from the July 2013 issue with eight digit 
codes have silk screen overlays and, where applicable, are double-sided, 
plated through-hole, with solder masks, they are similar to the photos in the 
relevent project articles. 

All prices include VAT and postage and packing. Add £2 per board 
for airmail outside of Europe. Remittances should be sent to The PCB 
Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and 
made payable to Everyday Practical Electronics (Payment in £ sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 


Back numbers or photocopies of articles are available if required — 


see the Back Issues page for details. WE DO NOT SUPPLY KITS OR 
COMPONENTS FOR OUR PROJECTS. 


* See NOTE above regarding PCBs with eight digit codes * 


LEA ORR RMD iaketel 


DERIK OF 

Driveway Sentry 

Build A Vox 

Milliohm Meter Adaptor For DMMs 


ivek le DK of 

MiniReg Adjustable Regulator 
USB Stereo Recording Interface 
Digital Sound Effects Module 


PIED co 
High-Temperature Thermometer/Thermostat 
LED Musicolour 


Poet DK ox 

Mains Timer For Fans Or Lights 

CLASSIC-D Amplifier (inc. 3 Rockby Capacitors) 
— Speaker Protector 


03107121 
01207111 
04102101 


18112111 
07106111 
09109121 


21105121 
16110121 


10108121 
01108121 
01108122 


01109111 
24109121 
24109122 


Selistl Di or 
CLASSiC-D Amplifier — Power Supply 
USB Instrument Interface 

— Front Panel 


Castokorisie ce” 
Champion 
Simple 1.5A Switching Regulator 


PERE Ce 
2.5GHz 12-Digit Frequency Counter — Display PCB 
—Main PCB 
— Front Panel 
High-Energy Electronic Ignition System 
Mobile Phone LOUD Ringer! 


Kein Ce 
Extremely accurate GPS 1pps Timebase For A 
Frequency Counter 
Infrasound Detector — Pre CHAMP PCB 

— CHAMP PCB 
Automatic Points Controller (inc. 2 sensor PCBs) 
Automatic Points Controller — Frog Relay 


OC 

A Capacitor Discharge Unit For Twin-Coil 
Points Motors 

Deluxe GPS 1pp Timebase For Frequency 
Counters 04104131 
Jacob's Ladder 05110121 


KORE Co 
The CLASSiC-D +35V DC-DC Converter 11104131 


Otic’ 

Mini Audio Mixer 01106131 
Cranial Electrical Stimulation Unit 99101111 
Teach-In 2014 — Part 9 Pi Camera Light 905 


1109121/2 
18102121 


04111122 
04111121 
04111123 
05110121 
12110121 


04103131 
01107941 
01102941 
09103132 
09103133 


09203131 
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TEARS RMD ihesel 


CER Co 

Verstile 10-Channel Remote Control Receiver 
IR to 4833MHz UHF Transceiver 

Lil Pulser Model Train Controller Main PCB 


— Front & Rear Panel Set 


15106131 
15106132 
09107134 


09107132 
09107133 


2B) Co 
Active RF Detector Probe For DMMs 

Infrared To UHF Converter 

UHF To Infrared Converter 

Revised 10-Channel Remote Control Receiver 
PCBirdies 

USB Port Voltage Checker 

iPod Charger Adaptor 


SeiveK ce” 
Build An AM Radio 

LED Ladybird 

Lifesaver For Lithium or SLA Batteries 
Do Not Disturb Phone Timer 


Peik Of 
SiDRADIO. 


04107131 
15107131 
15107132 
15106133 
08104131 
24107131 
14108131 


06101121 
08103131 
11108131 
12104131 


— Main PCB 
— Front & Rear Panel Set 


06109131 
06109132 
06109133 


Hi-Fi Stereo Headphone Amplifier — Part 1 01309111 


Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be ordered from, our website. 


Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 


* All software programs for EPE Projects marked with a star, and others 
previously published can be downloaded free from the Library on our website, 
accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards can 
also be downloaded from our website (www.epemag.com); go to the 
‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 


| enclose payment of £ 


Everyday Practical 
Electronics 


Catd Norns Scie «hee ee de oR datas ee bc a ib che 
Valid From Expiry Date 
Card Security No. Maestro Issue No. 


(cheque/PO in £ sterling only) to: 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 
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ADVERTISEMENTS 


If you want your advertisements to be seen by the largest readership at the most 
economical price our classified page offers excellent value. The rate for semi-display 
space is £10 (+VAT) per centimetre high, with a minimum height of 2-5cm. All semi- 
display adverts have a width of 5.5cm. The prepaid rate for classified adverts is 40p 
(+VAT) per word (minimum 12 words). 

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. 
VAT must be added. Advertisements, together with remittance, should be sent 
to Everyday Practical Electronics Advertisements, 113 Lynwood Drive, Merley, 
Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
stewart.kearn@wimborne.co.uk. For rates and information on display and classified 
advertising please contact our Advertisement Manager, Stewart Kearn as above. 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


BOWOOD ELECTRONICS LTD 


Suppliers of Electronic Components 
Place a secure order on our website or call our sales line 


All major credit cards accepted 
Web: www.bowood-electronics.co.uk 
Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200222 
Send 60p stamp for catalogue 


Everyday Practical Electronics 
reaches more UK readers than 
any other UK monthly hobby 
electronics magazine, our sales 
figures prove it. 


We have been the leading 
monthly magazine in this 
market for the last 
twenty-six years. 


s Robot Bits 


Robots, Arduino & more! 


ve. 


www.RobotBits.co.uk 


0845 5 191 282 


ADVERTISE HERE 


CALL 
STEWART KEARN 


ON 01202 680299 


STEWART.KEARN@WIMBORNE.CO.UK 
_ 


MISCELLANEOUS 


PIC DEVELOPMENT KITS, DTMF kits and 
modules, CTCSS Encoder and Decoder/Display 
kits. Visit www.cstech.co.uk 


VALVES AND ALLIED COMPONENTS IN 
STOCK. Phone for free list. Valves, books and 
magazines wanted. Geoff Davies (Radio), tel. 
01788 574774. 


ADVERTISERS INDEX 


ABELECTRONICS UK ac ccasateeaarse caaaesacwnees 53° “PICO TECHNOLOGY s.cccdeaseee sears acndans dome aes 65 
BETA DAY OUT nis ctor bai date reatiuectvetiaastacn s Suse han Meee bes 72 (QUASAR ELECTRONICS anes sao dtc caor ga hea dew als 2/3 
CadSoft COMPUTER sie: sccceavtg weaceitcreantcn eect tr goats 44 STEWART OF READING ..........0. 0000 eee ee Cover (ili) 
CRICKLEWOOD ELECTRONICS ...........00. 0000020 es 67 TRINITY 2 cctenacckaous pee csee Rewer ad eealew name dees 33 
DEVERON ELECTRONICS 4. «. cca: 25 decease ence oe eeudcees 67 

ESR ELECTRONIC COMPONENTS «0.2.0. 00200002000 6 ADVERTISEMENT OFFICES: 

[CSA ssc geeon erase tae htt ak ants Soret sd tee one ead 65 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, 
JPG:ELECTRONICGS :i5i0 8 tare tii aw adcteae ® eeeaeee wack 72. DORSET BH21 1UU 

LABCENTEER® so ecincs' i eteaasaratarand tendsas aodewsdlaagcs aad attienecann Cover (iv) | PHONE: 01202 880299 

LASER: BUSINESS: SYSTEMS ‘cs. scotia carne Gree ae w eee 57. FAX: 01202 843233 

LTEK POSCOPE 4 ci.cb nb bededathenndwoereeewanxbats 21. EMAIL: stewart.kearn@wimborne.co.uk 

MICROCAIP x24 siren ch etndoneebeeed date conte Cover (ii) | WEB: www.epemag.com 

PEAK ELECTRONIC DESIGN ..............-..05. Cover (iii) For editorial address and phone numbers see page 7 
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Next Month 


SiDRADIO - Part 2 

In the current issue, we introduced our SiDRAD/O communications receiver and described 
the circuit and PCB assembly. Next month, we will show you how to make and fit the 
various metal shields and complete the construction by installing your project in a plastic 
instrument case. 


GPS Tracker 

This little gadget will precisely record where your car, boat or aeroplane has travelled over time. 
Using software such as Google Earth you can then see your trips mapped onto the surface of the 
Earth with a resolution of just a few metres. It’s a great device for off-road drivers, sailors, farmers 
and nomads, and can record a lifetime of travelling on a single SD card. 


Hi-Fi Stereo Headphone Amplifier — Part 2 

This month (in the October issue) we introduced our new Hi-Fi Headphone Amplifier that 
features very low distortion and noise — it can even drive efficient 8Q speakers. Next month, 
we will show you how to build and test it. 


Build Your Own PCBs - Part 3 
In the third part of this series we will start with a simple PCB design, and show how you can 
convert the PC-based design into a hand-built board. 


NOVEMBER ’14 ISSUE ON SALE 2 OCTOBER 2014 


Content may be subject to change 


Beta LAYOUT 


Open Monday to Friday 9am to 5:30pm_ Ff ESE ; 
And Saturday 9:30am to 5pm mith j Develop, Assemble, Solder 


- Aerials, Satellite Dishes & LCD Brackets ps eee from 
- Audio Adaptors, Connectors & Leads if “ £129 
- BT, Broadband, Network & USB Leads Ss =e 
+ Computer Memory, Hard Drives & Parts r ij “Ss 
+ DJ Equipment, Lighting & Supplies 
- Extensive Electronic Components 

- ICs, Project Boxes, Relays & Resistors 
+ Raspberry Pi & Arduino Products 
+ Replacement Laptop Power Supplies 
- Batteries, Fuses, Glue, Tools & Lots more... 


Rellcy Controller 


T: 01246 211 202 

E: sales@jpgelectronics.com j 
JPG Electronics, Shaw’s Row, = Iteaduino Leonardo | Raspberry Pi Model B| Large Beta-Reflow-Kit 
Old Road, Chesterfield, S40 2RB ; V1.0, compatible 512 MB RAM _. 

W: www.jpgelectronics.com \: eS 


3 @ JPG Electronics 
Britannia F @ Maison Mes Amis 


Inn @ 


Old Road 


* Incl. VAT and exclusive of shipping costs 


. * 
iy 00 
é ( ) Rose & Crown () Nenncone (é 129; 
s = 
§ sr V3 ‘iG 
i6, 


Morrisons 


ei: Nw Electronics 


Retail & Trade Welcome « Free Parking * Google St View Tour: S40 2RB 


Published on approximately the first Thursday of each month by Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. Printed in England by Acorn Web Offset Ltd., Normanton, 
WF6 1TW. Distributed by Seymour, 86 Newman St., London W1T 3EX. Subscriptions INLAND: £23.50 (6 months); £43.00 (12 months); £79.50 (2 years). EUROPE: airmail service, £27.00 (6 months); £50.00 
(12 months); £95.00 (2 years). REST OF THE WORLD: airmail service, £37.00 (6 months); £70.00 (12 months); £135.00 (2 years). Payments payable to “Everyday Practical Electronics”, Subs Dept, Wimborne 
Publishing Ltd. Email: subs@epemag.wimborne.co.uk. EVERYDAY PRACTICAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the Publishers first 
having been given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise 
disposed of in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 


SPECIAL OFFERS 
for full sales list 
check our website 


FLUKE/PHILIPS PM3092 
Oscilloscope 
2+2 Channel 200MHZ 


FARNELL AP60/50 Power 
Supply 0-60 Volt, 0-50 Amp 


HP 54600B Oscilloscope 
Analogue/Digital Dual 


AGILENT E4402B Spectrum 
Analyser 


HP 34401A Digital 


Atlas House, 2 Kiln Lane 
k Harpur Hill Business Park 
Buxton, Derbyshire 
SK17 9JL, UK 


Tel. 01298 70012 
www.peakelec.co.u 
sales@peakelec.co.uk 


AS 


UK designed, 
UK made, 
with pride. 


LCR and Impedance Meter 


with Auto and Manual modes 


Brand new product! 
Introducing a new powerful LCR meter that identifies your passive 
components (Inductors, Capacitors and Resistors) but also 
measures complex impedance, impedance with phase and 
admittance! 
Auto and Manual test modes to allow you to specify the test 
frequency or component type. 
- Continuous fluid measurements. 
- Improved measurement resolution 

(<0.2yH, <0,2pF) 


\ 
* 
‘ 


} Inductorfl 23.62% § ImrPedance 200k 
) L=123.4pH D266k4 9 +25.6 +3155.1n 


£99.95 
SES-204VAT 


www.stewart-of-reading.co.uk 


Check out our website, 71,000's of ifems in stock. 


Delay TB, Autoset etc £295 


1KW Switch Mode £195 


Trace 100MHZ £125 


100HZ — 3GHZ with options £2950 


Multimeter 6 1 Digit £325 


Used Equipment - GUARANTEED 
All items supplied as tested in our Lab 
Prices plus Carriage and VAT 


MARCONI 2955B Radio 
Communications Test Set £850 


DRUCK DPI 515 Pressure 
Controller/Calibrator £425 


IFR 2025 Signal Generator 
9KHZ — 2.51 GHZ Opt 04 
High Stab, Opt 11 


High Power £1250 
HP SPECTRUM ANALYSERS — 
Synthesised Check Options 

8563A 9 KHZ — 22 GHZ £2750 
8560A 50 HZ 2.9 GHZ £1950 
8560E 30 HZ 2.9 GHZ £2400 


STEWART OF READING 
17A King Street, Mortimer, Near Reading, RG7 3RS 
Telephone: 0118 933 1111 Fax: 0118 933 2375 
9am — 5pm, Monday — Friday 
Please check availability before ordering or CALLING IN 


For insured UK delivery: 
Please add £3.00 inc VAT 
to the whole order. 
Check online or 
give us a call for 
overseas pricing. 


DCA YS 
DCA Pro 


Exciting new generation of semiconductor identifier 

and analyser. The DCA Pro features a new 

graphics display showing you detailed component 

schematics. Built-in USB offers amazing PC based 

features too such as curve tracing and detailed 

analysis in Excel. PC software supplied on a USB 

Flash Drive. Includes Alkaline AAA battery and comprehensive user guide. 


PEAK’ 


electronic design Itd 


Now Shipping 


es — 
os ||| S| £115.95 


- Identify and fault-find your 
network cabling. 

- Comprehensive connection 
analysis. 

- Detailed fault descriptions. 

- Full colour wiring charts. 

- Supplied with everything 
pictured here. 


£77.95 


£64.96+VAT 


It's only possible to show summary specifications here. Please ask if you'd like detailed data. Further information is also available on our website. Product price refunded if you're not happy. 


- 


a 


> Autorouter added to PCB for DOS 
:{i Schematic capture added 


1 G4 Vorld 1st schematic capture for Windows® _ 
i; 22F Topological route editing 
; CCS» Fully integrated circuit simulation 
. } GC Rip up and retry autorouter 
True mixed mode SPICE simulation *¢2/= |¢C& Shape based power plane support 
Interactive simulation * 978 
PIC® microcontroller simulation { @C{: < 
8051 microcontroller simulation | GGG 
‘vovc (s\ MCU co-simulation =a = =/i/17 Language support for MCU simulation 


— a ffir Electra adaptive shape based router 
= afc Vor (ss: 32 bit MCU support with ARM®-7 
—fitié Integrated Proteus VSM and MPLAB™ 
3D visualisation engine —1/i!- fifi Redesigned GUI across Proteus Suite 
» >>) 5s) USB simulation —2[17 
HDL support in simulation —/i/i/: 
Shape based autorouter included —/:/i= 


VSM Studio IDE introduced —17;/i Design rule aware manual routing 


i 
;™ ARM® Cortex™-M3 MCU simulation 
y= New application framework 


ur re 
=) =) =) 


2014 


Project clips enable re-use of blocks of circuitry inside a project across multiple projects 
_ Dynamic teardrop control including per pad override 

-_ Integrated Arduino™ toolchain with VSM Studio and common Arduino™ shields 
Library import tools (BSDL,PADS ASCIl) 

New Project notes module for generic entry of notes and reports 

Major upgrade to BOM module to improve physical output and simplify styling 
Improved support for paste, solder, fanout and stitching vias during footprint creation 


Labcenter Electronics Ltd. 
ak | | | www.lahrent 24 Hardy Grange, Grassington, BD23 5AJ. 
acent Er Wii: labcenter.com ifaheenter.com Tel: +44 (0/1756 753440, Email: info@labcenter.com 


Electronics Registered in England 4692454 


